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and  Dean  of  Department  of  Engineer 
ing,  University  of  Michigan 

Instructor  in  Metallurgy, 
Michigan  College  of  Mines 
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1895 
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1894 
1902 
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1899 
1905 

1893 

1901 
1902 

1896 

1893 
1905 
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MEMBEB8. 


KaMX  Ain>  AODBESS. 


OOBTHELL^  ElMKB  L 

1  Nassau  St., 

New  York,  N.  Y. 

COULISB,    6tA1?£ET 

302  Perrin  Ave., 
Lafayette,  Ind. 

Cox,  NsLSoir  H 

Lake  City,  Fla. 

CSAITDALL,  GhABZZS  L.  . . 

Ithaca,  N.  Y. 

CBKIGHT017,  WnXXAlC  H.  . 

New  Orleans,  La. 

Cbekshaw,  Bozxino  H.  .. 
Auburn,  Ala. 

Dates,  Henbt  B , . . 

Cleveland,  O. 

Davis,  Eixeby  W 

Lincoln,  Neb. 

Defoe,  Lutheb  M 

Columbia,  Mo. 

Dbnison,  Ohaelbs  S 

Ann  Arbor,  Micfa. 

DsNToir,  Jaues  E 

Hoboken,  N.  J. 

Dbnton,  Fbbdebick  W.  . . 
Houghton,  Mich. 

Debleth,  Chablbs,  Jr.  . . 
Berkeley,  Cal. 

Ddbmeb,  Hugo 

2448  Park  Ave., 

Indianapolis,  Ind. 

DiujEB,  Habbt  E 

407  Wisconsin  Ave., 
Oak  Park,  111. 

DOHEBTT,  HeIHKT  L 

40  Wall  St., 

New  York,  N.  Y. 


Civil  Engineer 

Professor  of  Biology  and  Director  of 
Biological  Laboratory,  Purdue  Uni- 
versity     

Assistant  Professor  of  Civil  and  Me- 
chanical Engineering,  University  of 
the  State  of  Florida 

Professor  of  Railroad  Engineering  and 
Geodesy,  Cornell  University 

Professor  of  Mechanical  Engineering, 
Tulane  University 

Associate  Professor  of  Mathematics, 
Alabama  Polytechnic  Institute ...... 

Professor  of  Electrical  Engineering, 
Case  School  of  Applied  Science 

Dean  of  College  of  Literature,  Science 
and  the  Arts  ana  Professor  of  Mathe- 
matics, Universit/y  of  Nebraska 

Professor  of  Mechanics, 
University  of  Missouri 

Professor  of  Stereotomy,  Mechanism 
and  Drawing,  University  of  Michigan. 

Professor  of  Engineering  Practice, 
Stevens  Institute  of  Technology 

Superintendent  Baltic  and  Trimoun- 
tain  Mines 

Associate  Professor  of  Structural  En- 
gineering, University  of  California.. 

Consulting  Mechanical  Engineer 

In  charge  of  Hawthorne  Engineering 
Laboratories,  Western  Electric  Com- 
pany, Chicago,  111 

Consulting  Engineer 
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1893 

1894 

1904 
1902 
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Name  akd  Addbbss. 


DBAinc,  Walter  H 

Uniyenity,  Miss. 

DSCNKSBy  Henbt  S 

South  Bethlehem,  Pa. 

I>u  Bois,  A.  Jat 

New  Haven,  Conn. 

DUDLBT,  ChABUBS  B 

Altoona,  Pa. 

DUITGAN,  LUTDSAT 

Denyer,  Ck>lo. 

DuiroAN,  Louis 

56  Pine  St., 

^ew  York,  N.  Y. 

DuiTOAN,  Mtjbbat  M. 

Ishpeming,  Mich. 

DUBAND,  WmjAic  F 

Ithaca,  N.  Y. 

Eddt,  Henbt  T 

MinneapoliB,  Minn. 

Eddt.  Hosaob  T 

Cincinnati,  Ohio. 

Edmands,  Sahxtel  S 

Brooklyn,  N.  Y. 

Ekoh,  Asnold 

Solothum,  Switzerland. 

Emoby,  Fbedsbiok  L 

Morgantown,  W.  Va. 

Engleb^  EDMtTin)  A. 

Worcester,  Mass. 

ESTEBUinB,  J.  Waltee 

401  State  St., 

West  Lafayette,  Ind. 

ESTT,  Wqjuak 

South  Bethlehem,  Pa. 

Evans,  Hbbbebt  S 

Boulder,  Colo. 


Professor  of  Civil  Engineering, 
University  of  Mississippi 

President,  Lehigh  University 

Professor  of  Civil  Engineering, 
Yale  University 

Chemist,  Pennsylvania  Railroad  Com- 
pany    

Bridge  Department,  D.  ft  R.  G.  R.  R. . 
Consulting  Electrical  Engineer 

Agent  Cleveland  Cliffs  Iron  Co.  and 
Member  Board  of  Control  Michigan 
College  of  Mines 

Professor  of  Marine  Engineering, 
Cornell  University 

Professor  of  Engineering  and  Mechan- 
ics, University  of  Minnesota 

Professor  of  Electrical  Engineering, 
University  of  Cincinnati 

Instructor  in  Applied  Electricity, 
Pratt  Institute 

Professor  of  Mathematics  in  the  Kan- 
tonsschule    

Professor  of  Mechanics  and  Applied 
Mathematics,  West  Virginia  Uni- 
versity     

President,  Worcester  Polytechnic  In- 
stitute   

Assistant  Professor  of  Electrical  En- 
gineering, Purdue  University 

Professor  of  Electrical  Engineering, 
Lehigh  University 

Professor  of  Electrical  Engineering, 
University  of  Colorado 
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AUSSCBEBo* 


Name  and  Adduess. 


GbOTEB,  NATHAlf  G 

U.  S.  Geological  Sunrej, 
Washington,  D.  C. 

Hall,  Ltman 

Atlanta,  Ga. 

Haubted,  Gboboe  B. 

Grambier,  O. 

Hahebschlao,  Abthub  a.  . 
Pittsburg,  Pa. 

Hakoock,  Edwabd  L. 

Lafayette,  Ind. 

Hanbt,  James  P 

1233  Third  Ave., 
New  York,  N.  Y. 

HABnnroTON,  John  L 

Imperial  Bank  Building, 
Montreal,  Can. 


Engineer,  U.  S.  Geological  Survey 


President,    Geoiigia    School    of    Teeh- 
nology 

Professor  of  Mathematics, 
Kenyon  College. 

Director,  Carnegie  Technical  Schools. . 


1903 


Instructor  in  Applied  Mechanics, 
Purdue  University 


Director  of  Manual  Training, 
New  York  City 


Habbis,  Abeam  W.  . . 
Port  Deposit,  Md. 

Habbis,  Elmo  G 

Rolla,  Mo. 


Chief  Engineer  of  the  Locomotive  and 
Machine  Company  of  Montreal,  Ltd. . 

Director  of  The  Jacob  Tome  Institute. 

'  Professor  of  Civil  Engineering,  School 
of  Mines  and  Metallurgy,  University 


Hatt,  William  K.  . . 
Lafayette,  Ind. 

Haviland,  Edwin,  Jb. 
Potsdam,  N.  Y. 


Hawes,  Joseph  H 

40  Fairmoimt  St., 
Dorchester,  Mass. 


of  Missouri 


Professor  of  Applied  Mechanics, 
Purdue  University 


Hayfobd.  John  F 

Washington,  D.  C. 


Hatnes,  Abthttb  E 

Minneapolis,  Minn. 

Hatwabd,  Habbison  W.  . . 
Boston,  Mass. 


Hazen,  John  V.  . . . 

Hanover,  N.  H. 


Professor  of  Mathematics  and  Civil 
Engineering,  Clarkson  School  of 
Technology 

Teacher  of  Manual  Training  and  Me- 
chanical Drawing,  Dorchester  High 
School,  Boston  


1904 

1899 
1903 


1903 
1904 

1903 
1897 


Inspector  of  Geodetic  Work  and  Chief 
of  Computing  Division  Coast  and 
Geodetic  Survey 

Professor  of  Engineering  Mathematics, 
University  of  Minnesota 

Instructor  in  Mechanical  Engineering, 
Massachusetts  Institute  of  Techn^- 

ogy    

Professor  of  Civil  Engineering, 
Dartmouth  College   


1894 
1895 

1902 
1900 

1905 
1896 

1904 
1896 
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Name  aitd  Addbess. 


Hedbiok,  Iba  G 

608  New  Nelson  Bldg., 
KauBBA  City,  Mo. 

Hebgbt,  Atjusht  M. 

311  Conyention  St., 
Baton  Kouge,  La. 

HiBBASD,  H.  Wads 

Ithaca,  N.  Y. 

Hnx^  JoHir  E 

Proyidence,  R.  I. 

HrroHoocK,  Embubt  A. . . . 
Columbus,  Ohio. 

HOAG,  WlUJAM  R 

Minneapolis,  Minn. 

HonLAN,  Heinbioh  0 

Boston,  Mass. 

HoiDEN,  Chables  a. 

Hanoyer;  N.  H. 

Hoixis,  Iba  N 

Cambridge,  Mass. 

Hood,  Ozni  P 

Hougnton,  Mich. 

HoBTON,  Gkoboe  F. 

Throop  and  105th  Sts., 
Chicago,  111. 

HosKHTB,  Lbandeb  M 

Stanford  Uniyersify,  Cal. 

HOTCHKISS,  C.  W 

401  LaSalle  St., 
Chicago,  111. 

Howe,  Chables  S 

Cleyeland,  Ohio. 

Howe,  MALyEBO  A 

Terre  Haute,  Ind. 

Hume,  Altbed 

Uniyersity,  Miss. 


Consulting  Engineer 


Professor  of  Drawing  and  Mechanic 
Arts,  Louisiana  State  Uniyersity... 

Professor  of  Mechanical  Engineering 
of  Railways,  Sibley  College,  Cornell 
Uniyersity  

Professor  of  Ciyil  Engineering, 
Brown  Uniyersity  

Professor  of  Experimental  Engineer- 
ing, Ohio  State  Uniyersity 

Professor  of  Ciyil  Engineering, 
Uniyersity  of  Minnesota 

Professor  of  Metallurgy,  Massachu- 
setts Institute  of  Technology 

Associate  Professor  of  Ciyil  Engineer- 
ing, Thayer  School  of  Ciyil  Engineer- 
ing, Assistant  Professor  of  Mathe- 
matics, Dartmouth  College 

Professor  of  Engineering, 
Haryard  Uniyersity 

Professor  of  Mechanical  and  Electrical 
Engineering,  Michigan  College  of 
Mines   

Vice-President  of  Chicago  Bridge  and 
Iron  Co 

Professor  of  Applied  Mathematics, 
Leland  Stanford  Junior  Uniyersity. . 

Consulting  Engineer 

President  of  Case  School  of  Applied 
Science  

Professor  of  Ciyil  Engineering, 
Rose  Polytechnic  Institute 

Professor  of  Mathematics, 
Uniyersity  of  Mississippi 
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1896 
1894 

1899 
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1901 
1894 
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1903 

1893 
1904 


1902 
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1894 


XVIU 


Nams  and  Address. 


HUICFHBBTS,  ALBZAin>SB  C 

Holx^eii,  N.  J. 

HtTHPHBBTS,  David  C 

Lexington,  Va. 

HuKTBB,  John  A 

Boulder,  Colo. 

HuTTON,  Fbedebick  R.  . . . 
New  York,  N.  Y. 

Htdb,  a.  JjInooux 

Uniyersity  Club, 
Columbia,  Mo. 

Ives,  Howard  C 

Philadelphia,  Pa. 

Jaokson,  DnoAU)  C 

Madison,  Wis. 

Jaokson,  John  P 

State  College,  Pa. 

Jaoobus,  D.  S 

Hoboken,  K.  J. 

Jaoobt,  Hknbt  S 

Ithaca,  K.  Y. 

Jambs,  Walter  H 

Boston,  Mass. 

jAHBSOir,  Joseph  M 

Brooklyn,  N.  Y. 

Jbnson;  Joseph 

Logan,  Utah. 

Jett,  Cabier  C 

Jett,  Ky. 

Johnson,  Lewis  J 

Cambridge,  Mass. 

Jones,  Bassett,  Jr 

1  Madison  Ave., 

New  York,  N.  Y. 


President  of  Stevens  Institute  of  Tech 
nolQgy 

Dean  of  the  School  of  Engineering 
and  Professor  of  Civil  Engineering, 
Washington  and  Lee  University.... 

Assistant  Professor  of  Mechanical  En- 
gineering, University  of  Colorado.. 

Professor  of  Mechanical  Engineering, 
Columbia  University 

Assistant  Professor  of  Bridge  Engi- 
neering, University  of  Missouri 

Assistant  Professor  of  Civil  En^^ineer- 
ing.  University  of  Pennsylvania. . . . 

Professor  of  Electrical  Engineering, 
University  of  Wisconsin 

Professor  of  Electrical  Engineering,' 
Pennsylvania  State  College 

Professor  of  Experimental  Mechanics 
and  Engineering  Physics,  Stevens  In- 
stitute of  Technology 

Professor  of  Bridge  Engineering, 
Cornell  University 

Instructor  in  Mechanical  Engineering, 
Massachusetts  Institute  of  Technol- 
ogy     

Head  of  Department  of  Physics,  Pratt 
Institute 

Professor  of  Mechanical  Engineering, 
State  Agricultural  College  of  Utah. 


Assistant  Professor  of  Civil  Engineer- 
ing, Lawrence  Scientific  School, 
Harvard  University 


Consulting  Engineer 


1903 

1893 

1904 

1894 
1904 

1901 
1893 
1894 

1893 
1894 

1904 
1903 

1903 
1902 

1898 
1904 


MEMBEBS* 


Name  and  Addbesb. 


JOHZS,  ClXlCENT  R. 

Morgantown,  W.  Va. 

Jones,  Fgsbebt  R. 

316  W.  96  St., 

New  York,  N.  Y. 

JOIVES,  Fbedebiok  S. 

MinneapoliB,  Minn. 

Kaup,  WnxiAM  J 

Brooklyn,  N.  Y. 

Kayanauoh,  WnxiAK  H. . 
Minneapolis,  Minn. 

Kay,  Edoab  B 

University,  Ala. 

Keixt,  WnuAH 

Vnlean,  Mich. 

Eenebbon,  Whxiam  H.  . . . 
11  Hudson,  St., 

ProTidenoe,  R.  I. 

Ejuuaedt,  Fbaitk  Lowell.  . 
43  Appleton  St., 

Cambridge,  Mass. 

Kent,  Jambs  M 

Kansas  City,  Mo. 

Kent,  William 

Syracuse,  N.  Y. 

"KxBR,  Chablbs  V 

3321  Armour  Ave., 
Chicago,  111. 

Ketchum,  Milo  8 

Boulder,  Colo. 

KiNEALT,  John  H 

St.  Louis,  Mo. 

Kins,  Rot  S 

110  W.  Norwich  Ave., 
Columbus,  Ohio. 


Professor  of  Mechanical  Engineering, 
West  Virginia  University 

Professor   in    Manhattan   Automobile 
School  


Professor  of  Physics  and  Bean  of  Col- 
lege of  Engineering,  University  of 
Minnesota    

Instructor  in  Machine  Construction, 
Pratt  Institute 


Assistant  Professor  of  Mechanical  En- 

f'ineering,  in  chai^ge  of  Experimental 
ngineering,  University  of  Minnesota. 

Professor  of  Civil  Engineering, 
University  of  Alabama 

Agent  Penn  Iron  Mining  Company  and 
Chairman  Board  of  Control  Mich- 
igan College  of  Mines 

Assistant  Professor  of  Mechanical  En- 
gineering, Brown  University 

Assistant  Professor  of  Drawing  and 
Machine  Design,  Lawrence  Scientific 
School,  Harvard  University 

Instructor  in  Steam  and  Electricity, 
Manual  Training,  High  School  of 
Kansas  City 

Dean  of  the  College  of  Applied  Sci- 
ence, Syracuse  University 

Professor  of  Mechanical  Engineering, 
Armour  Institute  of  Technology. . . . 

Dean  of  School  of  Applied  Science  and 
Professor  of  Civil  Engineering, 
University  of  Colorado 

Consulting  Mechanical  Engineer 

Assistant  Professor  of  Experimental 
Engineering,  Ohio  State  University. . 


1806 
1803 


1003 
1003 

1002 
1808 

1005 
1003 


1004 

1003 
1804 
1002 


1003 
1803 

1004 


MEMBERS. 


Name  and  Addbess. 


KiNGBBUST,    ATiHBKT 

East  Pittsburg,  Pa. 

KiNSLET,    CaBL 

Quadrangle  Club, 
Chicago,  lU. 

Knooh,  Juuns  J 

Fajetteville,  Ark. 

Koch,  Ebnest  H.,  Jb 

Brooklyn,  N.  Y. 

Ktbeb,  Henbt  H 

Clemson  College,  S.  C. 

Ladd,  Geobob  E 

Holla,  Mo. 

Lambebt,  Pbeston  a 

South  Bethlehem,  Pa. 

Laitdbeth,  Gun  H 

Schenectady,  N.  Y. 

Lane,  Henbt  M 

Rose  Building, 

Cleveland,  Ohio. 

Lanosdobf,  Alexandeb  S. 
St.  Louis,  Mo. 

Lanza,  Gabtano 

Boston,  Mass. 

Lawbenge,  James  W 

Fort  Collins,  Colo. 

Lindemann,  Chables  a.  . . 
Lewisburg,  Pa. 

Llnvllle,  Clabenge  p.  . . . 
Box  362, 

State  College,  Pa. 

LoNOTEAB,  John  M 

Marquette,  Mich. 

Love,  Andbew  C 

Houston,  Tex., 

Care  of  S.  P.  Ry. 


Mechanical    Engineer,   with   Westing 
house  Electrical  and  Manufacturing 
Company    

Assistant  Professor  of  Physics, 
University  of  Chicago 

Professor  of  Civil  Engineering, 
University  of  Arkansas 

Instructor  in  Pratt  Listitute 

Assistant  Professor  of  Electrical  Engi- 
neering, Clemson  Agricultural  Col- 
lege   

Director  and  Professor  of  Geology  and 
Mining,  School  of  Mines  and  Metal- 
lurgy   

Assistant  Professor  of  Mathematics, 
Lehigh  University 

Professor  of  Civil  Engineering, 
Union  College 

Editor  of  the  Foundry 

Professor  of  Electrical  Engineering, 
Washington  University 

Professor  of  Applied  Mechanics,  in 
charge  of  the  Department  of  Mechan- 
ical Engineering,  Massachusetts  In- 
stitute of  Technology 

Professor  of  Mechanical  Engineering, 
State  Agricultural  College 

Assistant  Professor  of  Applied  Me- 
chanics, Bucknell  University 

Instructor  in  Metallurgy, 
Pennsylvania  State  College 

Member  Board  of  Control, 
Michigan  College  of  Mines 


1893 
1903 

1898 
1904 


1897 

1901 

1897 

1893 
1900 


1903 


1893 


1898 


1905 


1904 


1905 


1900 


MEMBEB8. 


Nahx  Ain)  Address. 


LiiTDT,  Llewjcixtn  V 

229  University  St., 
West  Lafayette,  Ind. 

Lttitd,  Kobebt  L. 

Little  Rock,  Ark. 

McCaustland,  Elmxb  J. . . 
Ithaca,  N.  Y. 

McCoLL,  Jat  R 

Lafayette,  Ind. 

McKiBBEN,  Fbank  P 

Boston,  Mass. 

McNaib,  1i*bed  W 

Houghton,  Mich. 

MacNat70HT0N,  Jahbs  . . . . 
Calumet,  Mich. 

Hack,  John  G.  D 

222  Jefferson  St., 
Madison,   Wis. 

Magombbb^  Geobge  S 

247  Parrells  Ave., 
Ithaca,  N.  Y. 

MAOoicBm.  Ixwnr  J 

422  Thirty-fourth  St., 
Chicago,  m. 

Magowan,  Chaelbb  S.  . . . . 
Iowa  City,  Iowa. 

Maobudee,  William  T 

Columbus,  Ohio. 

MATTLAin),    AT.ETANDEB,  JB. 

Kansas  City,  Mo. 

Mann,  John  L 

Belle  Fourche,  Mont. 

Mabbubg,  Edgab 

Philadelphia,  Pa. 

Mabston,  Anson 

Ames,  Iowa. 


Professor  of  Mechanical  Engineering, 
Purdue  University 


Consulting  Engineer 


Assistant  Professor  of  Mining  and  Sur- 
veying, Cornell  University 

Associate  Professor  of  Steam  Engi- 
neering, Purdue  University 

Assistant  Professor  of  Civil  Engineer- 
ing, Massachusetts  Institute  of  Tech- 
nology   

President,  Michigan  College  of  Mines. 


General  Manager  Calumet  and  Heda 
Mines  and  Member  Board  of  Control 
Michigan  College  of  Mines 

Professor  of  Machine  Design,  College 
of  Engineering,  University  of  Wis- 
consin   

Instructor  in  Electrical  Engineering, 
Sibley  College,  Cornell  University. . . 

Professor  of  Electrical  Engineering, 
Armour  Institute  of  Technology. . . . 

Professor  ef  Municipal  and  Sanitary 
Engineering,  State  University  of 
Iowa  , 

Professor  of  Mechanical  Engineering, 
Ohio  State  University 


Is 


1903 
1902 

1902 
1894 

1904 
1897 


President  of  Kansas  City  Bridge  Co . . 

Assistant  Engineer,  Reclamation  Ser- 
vice, U.  S.  Geol.  Survey 

Professor  of  Civil  Engineering, 
University  of  Pennsylvania 

Professor  of  Civil  Engineering, 
Iowa  State  College 


1906 


1901 


1904 


1902 


1896 

1893 
1903 

1902 

1894 
1894 
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ICBldSBBS* 


Naice  and  Addbess. 


MiLBvnr,  Fbavk  O 

Lawrence,  Kan. 

Mabx,  Chaxlbs  D 

Stanford  University,  Cal 

Mathews,  Hubebt  B 

Broc4Ling8,  8.  Dak. 

Matthews,  Ohables  P. . . 
Lafayette,  Ind. 

Maubeb,  Edward  R. 

Madison,  Wis. 

Mead,  Elwood 

Washington,  D.  G. 

Mebkeb,  Wabben  H 

Ames,  Iowa. 

Mees,  Oabl  L 

Terre  Haute,  Ind. 

MEifDEZTHAix,  Thomas  C.  . 
Worcester,  Mass. 

Mbbbtman,  Mansfield  . . . 
South  Bethlehem,  Pa. 

Miooett,  WnxiAic  L 

331  Jefferson  St., 

Ann  Arbor,  Mich. 

Mtllab,  Adah  V 

Madison,  Wis. 

MoNiN,  Louis  C 

Chicago,  HI. 

MoBAir,  Daniel  E 

35  Nassau  St., 

New  York,  N.  Y. 

MooBE,  Hebbebt  F 

Madison,  Wis. 


Dean  of  the  School  of  Engineering  and 
Professor  of  Civil  Engineering, 
University  of  Kansas 

Professor  of  Civil  Engineering, 
Leland  Standford  Junior  University. 

Professor  of  Ph3rsic8  and  Electrical 
Engineering,  South  Dakota  Agricul- 
tural College 

Professor  of  Electrical  Engineering, 
Purdue  University 

Professor  of  Mechanics, 
University  of  Wisconsin 

Professor  of  the  Institutions  and 
Practice  of  Irrigation,  University  of 
California;  Chief  of  Irrigation  and 
Drainage  Investigations  of  the  U.  S. 
Department  of  i^riciilture 

Associate  Professor  of  Mechanical  En- 
gineering, Iowa  State  College 

President,  Rose  Polytechnic  Institute. 


Professor  of  Civil  Engineering, 
Lehigh  University 

Superintendent     of    the     Engineering 
Snops,  University  of  Michigan 

Instructor  in  Mechanical  Drawing  and 

.  Descriptive  Geometry,  University  of 

Wisconsin    

Dean  of  Culture  Studies  and  Professor 
of  Economics  and  Philosophy, 
Armour  Institute  of  Technology. . . . 

Secretary  and  Engineer  of  Foundation 
and  Contracting  Co.,  New  York  City. 

Assistant  Professor  of  Mechanics, 
University  of  Wisconsin 


1803 
1893 

1896 
1898 
1897 


1901 

1903 
1894 

1895 
1893 
1902 


1904 

1904 
1903 

1906 


MEMBEB8. 
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Nahb  Ain>  Addbiss. 

Title. 

• 

MOOBB,  Staklet  H 

St.  Louis,  Mo. 

Director,    Manual    Training    Depart- 
ment, McKinley  High  School 

Assistant  Professor  of  Civil  Engineer- 
ing, University  of  Washington 

Res.  Engr.  St.  Clair  Flats  Survey  for 
the  State  of  Michigan 

1902 

Uniyersity  Station, 
Seattle,  Wash. 

MORUET,    FBEDEBIOK 

Lapeer,  Mich. 

MOTICII.    JAMV9     a.     t   t    r   t    r   t    t  -   - 

1901 
1896 

Instructor    in    Descriptive    Geometry, 
Lawrence  Scientific  School,  Harvard 
University  

Cambridge,  Mass. 

1904 

^TTffROE.  HcmT  St  .  r  ,  -  , .  T  - 

Professor  of  Mining, 
Columbia  University 

New  York.  N.  Y. 

1898 

MuwBOB.  Javka  p.  . ,  ,  t  . .  .  - 

Treasurer,  Munroe  Felt  and  Paper  Co., 
Member   of   Corporation   of   Massa- 
chusetts Institute  of  Technology. . . . 

Professor  of  Civil  Engineering,  Agri- 
cultural and  Mechanical  College  of 
Texas    

79  Sunnner  St., 
iioston,  Mass. 

Nagij:.  Jaices  0 

1904 

College  Station,  Tex. 

1897 

Neff.  Frattk  H.  .........  t 

Professor  of  Civil  Engineering, 
Case  School  of  Applied  Science 

Associate    Professor    of    Physics    and 
Electrical  Engineering,  New  Hamp- 
shire College  of  Agriculture  and  Me- 
chanic Arts  

Cleveland,  Ohio. 

1895 

Nesbit,  Abthub  F 

Durham,  K.  H. 

1902 

NORRTR.  HeNRT  H-  ...,.-.- 

Professor  of  Electrical  Engineering, 
Cornell  Universitv 

Ithaca.  N.  Y. 

1900 

CBtrke,  J.  F 

Professor  of  Mining  and  Electrical  En- 
flrineerinff.  N,  G.  A.  Colleire . . , , .  r  r  -  - 

Dahlonega,  Ga. 
OHTiE,  Ernest  T^.  ......... . 

1905 

Acting  Professor  of  Steam  Engineer- 
ing, State  University  of  Iowa 

Professor  of  Biology, 
A.  T.  Newcomb  Colleire 

Iowa  City,  la. 
Ordwat.  JOfBK  M 

1905 

New  Orleans.  La. 

1894 

Qbton,  Edward,  Jr. 

Columbus,  Ohio. 

OSTRANDER,  JOHN  £ 

Amherst,  Mass. 

Dean  of  College  of  Engineering,  Direc- 
tor of  the  Department  of  Clay  Work- 
ing and  Ceramics,  Ohio  State  Uni- 
versity, State  Geologist  of  Ohio 

Professor   of   Mathematics   and   Civil 
Engineering,  Massachusetts  Agricul- 
tural Collefire 

JLVW 

1900 
1894 

OwEif  s.  Robert  B 

Professor  of  Electrical  Engineering, 
McGill  University  

Montreal,  Quebec. 

1894 

XXIV 
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Nams  and  Adobbss. 


W] 
Toronto,  Ontario. 


Palmxb,  Thohab  W 

University,  Ala. 

Pauoeb,  Walter  K. 

718  Dwight  Bldg., 
Kansas  City,  Mo. 

Park,  Chasws  F 

62  Sommer  St., 
Taunton,  Mass. 


Pabsons,  Flotd  W 

Houj^ton,  Mich. 

PKNGE,  WlLUAlC  D. 

Lafayette,  Ind. 

Pbttbb,  Chaslbs  H 

Diurham,  N.  H. 

Phxttbplacb,  Thttbston  M. 
1612  Broad  St., 

Providence,  R.  I. 

Phiixipb^  Jahes  D 

Madison,  Wis. 


PoBisB,  Dwight  . 
Boston,  Mass. 


PoBTKBy  John  B 

Montreal,  Quebec. 

PoBiEB,  J.  Madison.. 
Easton,  Pa. 


POWBLL^   ElCXBT  H 

1538  Madison  Ave., 
Scranton,  Pa. 


Pbice,  Melvin 

Lincoln,  Neb. 

Pbitghstt,  Henbt  S. 
Boston,  Mass. 

PuiTBB,  William  L.  . 
Boston,  Mass. 


Principal,  Toronto  Technical  School. 

Professor  of  Mathematics, 
University  of  Alabama. 


Consulting  Mechanical  and  Electrical 
Engineer    

Assistant  Professor  of  Mechanical  En- 
gineering, Massachusetts  Institute  of 
Technology 

Instructor  in  Mining, 
Michigan  CoU^pe  of  Mines 

Professor  of  Civil  Engineering, 
Purdue  University 

Professor  of  Mathematics, 
New  Hampshire  College 

Instructor  in  Mechanical  Engineering, 
Brown  University 

Assistant  Professor  of  Engineering 
Drawing,  University  of  Wisconsin.. 

Professor  of  Hydraulic  Engineerinff, 
Massachusetts  Institute  of  Technol- 
ogy     

Professor  of  Mining  Engineering, 
McGill  University  

Professor  of  Civil  Engineering, 
Lafayette  College 

Engineering  Text-book  Writer, 
International  Correspondence  School. 

Assistant     Professor     of     Mechanical 
Drawing  and  Machine  Design, 
University  of  Nebraska 

President,  Massachusetts  Institute  of 
Technology 

Associate  Professor  of  Electrical  En 
gineering,  Massachusetts  Institute  of 
Technology 


1904 

1906 
1890 


1903 
1906 
1896 

1898 
1903 

1899 

1893 
1904 
1893 
1903 


1900 
1904 

1903 
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Name  and  Addbess. 


PUFIir,   MiOHAXL  I.  . . 

New  lork,  N.  Y. 


PUBTSAB,    ChABUES 

College  Station,  Tex. 


Haxdajj.,  Otis  E.  . . , 
ProYidence,  R.  I. 

Randoiph,  Lingan  S. 
Blaeksburg,  Va. 


Raksom,  Jaicbs  H 

119  Columbia  St., 
West  Lafayette,  Ind. 

Ratmoitd,  Howabd  M. 

Chicago,  ni. 


Raymond,  William  G. 
Iowa  City,  Iowa. 


Rebeb,  Louis  E 

State  College,  Pa. 

Reynolds,  Herman  W. 
,      Berkeley,  Cal. 


RiCHABDS,  CHABLES  R. 

Lincoln,  Neb. 


RiOHABDS,  Chas.  Russell. 
New  York,  N.  Y. 


RiOHABDS,   ROBEBT  H. 

Boston,  Mass. 


RiOHABDSON,  James  P. . . 
3918  Wyandotte  St., 
Elansas  City,  Mo. 

RiOHTEB,   ABTHUB   W.  .  .  . 

Madison,  Wis. 


RiCKEB,   N.    ClIFFOBD. 

Urbana,  111. 


Professor  of  Electro-mechanics, 
Columbia  University 


Professor  of  Mathematics,  Agricul- 
tural and  Mechanical  College  of 
Texas    

Professor  of  Mechanical  Drawing, 
Brown  University 


Professor  of  Mechanical  Engineering, 
Virginia  Polytechnic  Institute 

Associate  Professor  of  Chemistry, 
Purdue  University 


Dean  of  Engineering  Studies  and  Pro- 
fessor of  Experimental  Physics, 
Armour  Institute  of  Technology. . . . 

Dean  of  College  of  Applied  Science  and 
Professor  of  Civil  Engineering, 
University  of  Iowa 

Dean  of  School  of  Engineering,  Pro- 
fessor of  Mechanical  Engineering, 
Pennsylvania  State  College 


Assistant  Professor  of  Mechanical  En- 
gineering, University  of  California . . 

Professor  of  Mechanical  Engineering 
and  Director  of  the  School  of  Me- 
chanic Arts,  University  of  Nebraska. 

Director  of  Manual  Training,  Teach- 
ers College,  Columbia  University. . . . 

Professor  of  Mining  Engineering  and 
Metallurgy,  Massachusetts  Institute 
of  Technology 


Prosso  School 


Professor   of   Experimental   Engineer- 
ing, University  of  Wisconsin 

Professor  of  Architecture, 
University  of  Illinois 


1895 

1901 
1903 
1894 
1904 


1904 
1893 

1893 
1903 

1896 
1904 

1896 
1903 


1894 
1894 
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Name  and  Addbisb. 


Rioos,  Wauxb  M 

Clemson  College,  S.  G. 


Bobbins,  Abthub  O. 
Boston,  Mass. 


BOBEBTS,   WUXJAK  J. 

Pullman,  Wash. 


BoBiNSOir,  Edwabd 

Burlington,  Vt. 

BoBiNSON,  Fbedbbio  H 

Newark,  Del. 

BOBINSON,  Stiujcan  W.  . . . 
1353  Highland  St., 
Columbus,  Ohio. 

BODHOUSB,  ThOICAS  J 

Columbia,  Mo. 


BoNDiNSXiA,  Lino  F 

728  Stephen  Girard  Bldg., 
Philadelphia,  Pa. 

BOBEBBUGB,  ThOMAS  B.  . .  . 

Toronto,  Ontario. 

BowE,  Gbobge  H 

Chicago,  111. 

BowLAND,  Abthub  J 

4610  Osage  Ave., 
Philadelphia,  Pa. 

BUBSELL,  WALTEB  B 

Broddyn,  N.  Y. 

Btan,  Habbib  J 

Stanford  University,  Cal. 

Sanbobn,  F&ank  £ 

Columbus,  Ohio. 


SOHNEEDEB,  HeBMAN  .  . 

Cincinnati,  Ohio. 


Professor  of  Electrical 
and  Director  of  the  Department  of 
Mechanical  and  Electrical  Engineer- 
ing, Clemson  (A.  and  BL)  (Allege, 
South  Carolina 

Assistant  Professor  of  Highway  Engi- 
neering, Massachusetts  Institute  of 
Technology 

Associate  Professor  of  Mathematics 
and  Civil  Engineering,  Washington 
Agricultural  College  and  School  of 
Science  


Professor  of  Mechanical  Engineering, 
UniTersity  of  Vermont 

Professor  of  Civil  Engineering, 
Delaware  College 

Mechanical  Engineer  and  Expert , 


Instructor  in  Descriptive  Geometry 
and  Mechanical  Drawing,  University 
of  Missouri  

Professor  of  Constructive  Drawing, 
Central  Manual  Training  School  of 
Philadelphia   

Associate  Professor  of  Electrical  Engi- 
neering, School  of  Practical  Science. 

With  Western  Electric  Co 


Professor  of  Electrical  Engineering, 
Drexel  Institute 


Assistant  Instructor  in  Steam  and  Me- 
chanical Laboratory,  Pratt  Institute. 

Professor  of  Electrical  Engineering, 
Leland  Stanford  Junior  University. 

Director,  Industrial  Arts  Department, 
Secretary  of  the  College  of  Engineer- 
ing, Ohio  State  University 

Professor  of  Civil  Engineering, 
University  of  Cincinnati 


1897 


1894 


1903 

1899 

1894 
1893 


1904 

1903 

1896 
1903 

1903 

1903 
1901 

1899 
1903 


2&JSHBEaS* 
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Kami  and  Addbcss. 


BcBJjnauLN,  Wiluam  H.  . . 
Kashville,  Tenn. 


SOOTT,  Abthub  C 

Austin,  Tex. 

SOOTT,  Ghables  F 

Pittsburg,  Pa. 

Sedowiok,  Whxiam  T. 

Boston,  Mass. 

Sktkb,  Qsobgb  F 

New  York,  N.  Y. 

SHBLOONy   SaICUSL 

Brooklyn,  N.  Y. 

Shepaboson,  Geobob  D.  . . . 
Minneapolis,  Minn. 

Shobt,  Robebt  L 

Chicago,  111. 

Slocum,  Rot  H 

Urbana,  HI. 

SlOTH,  AlBEBT  W 

1101  East  Madison  Ave., 
Cleveland  Ohio. 

SlOTH,  A1.T0N  L 

Worcester,  Mass. 

SiOTOL  Habold  B 

Worcester,  Mass. 

SiciTH,  Habbt  E 

Brooklyn,  N.  Y. 

Smith,  Hebbbbt  S.  S 

Princeton,  N.  J. 

Smith,  Lbonabd  S 

938  University  Ave., 
Madison,  Wis. 

Skow,  Chablbs  H 

New  York,  N.  Y. 


Dean  of  the  Engineering  Department, 
Professor  of  Civil  Engineering, 
Vanderbilt  University 

Professor  of  Electrical  Engineering, 
University  of  Texas 

Consulting  Engineer,  Westinghouse 
Electric  and  Manufacturing  Com- 
pany    

Professor  of  Biology,  Massachusetts 
Institute  of  Technology 

Adjunct  Professor  of  Electrical  En- 
gineering, Columbia  University 

Professor  of  Physics  and  Electrical 
Engineering,  Polytechnic  Institute  of 
Brooklyn    

Professor  of  Electrical  Engineering, 
University  of  Minnesota 

Department  of  Mathematics, 
D.  C.  Heath  ft  Co 

Instructor  in  Municipal  and  Sanitary 
Engineering,  University  of  Illinois . . 

Professor  of  Metalluxgy,  Case  School 
of  Applied  Science 

Assistant  Professor  of  Drawing  and 
Machine  Design,  Worcester  Polytech- 
nic Institute 

Professor  of  Electrical  Engineering, 
Worcester  Polytechnic  Institute 

Professor  of  Applied  Mechanics, 
Pratt  Institute 

Professor  of  Applied  Mechanics, 
Princeton  University 

Associate  Professor  of  Topographic 
and  Geodetic  Engineering,  University 
of  Wisconsin 

Dean  of  School  of  Applied  Science, 
New  York  University 


1896 
1903 

1904 
1896 
1903 

1903 

1896 
1902 

1903 
1904 


1902 
1898 
1896 
1894 

19C3 
1896 
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Namk  and  Aoubbss. 


Snow,  Waltkb  B 

29  RuBsell  Ave., 

Watertown,  Mass. 

SOLBEBO,  HaLVOB  C 

Brookings,  S.  D. 

Spaldiito,  Fbedkuok  p.  . . . 
Columbia,  Mo. 


Spangleb,  Henbt  W 

Philadelphia,  Pa. 

Spebb,  Fbedsbice  W 

Houghton,  Mich. 

Spinnst,  Louis  B 

Ames,  Iowa. 

Spoftobd.  Ghablbs  M.  . . . 
Brooldyn,  N.  Y. 


Spbingeb,  Fbank  W.  . . . 
Minneapolis,  Minn. 

Stanwood,  James  B 

Cincinnati,  Ohio. 

Steel,  Alvin  a 

Fayettesville,  Ark. 

Stewabt,  Clinton  B.  . . 
Madison,  Wis. 


Stewabt,  Louis  B.  . . 
Toronto,  Ontario. 


Stone,  Winthbop  £ 

146  Nortn  Grant  St., 
Lafayette,  Ind. 

Stout,  Osoab  V.  P 

Lincoln,  Neb. 

Stubbs,  Joseph  E 

Reno,  Ney. 

Swain,  Gbobge  F 

Boston,  Mass. 

SwiPT,  Walteb 

Sheffield,  England. 

Talbot,  Abthub  N 

Urbana,  III. 


Manager,  Advance  Department,  B.  F. 
Sturtevant  Co.,  Hyde  Park,  Mass 

Professor  of  Mechanical  Engineering, 
South  Dakota  Agricultural  College. . 

Junior  Dean  of  Engineering  School 
and  Professor  of  Ciyil  Engineering, 
University  of  State  of  Missouri 

Professor  of  Mechanical  Engineering, 
University  of  Pennsylvania 

Professor  of  Civil  and  Mining  Engi- 
neering, Michigan  College  of  Mines. 

Professor  of  Physics  and  Electrical 
Engineering,  Iowa  State  College .... 

Professor  of  Civil  Engineering, 
Polytechnic  Institute 

Assistant  Professor  of  Electrical  En- 
gineering, University  of  Minnesota. . 

Director,  Technical  School  of  Cincin- 
nati   


o 


Assistant    Professor   of    Geology   and 
Mining,  University  of  Arkansas 

Instructor  in  Mechanics, 
University  of  Wisconsin 

Lecturer  in  Surveying 

School  of  Practical  Science 

President,  Purdue  University. 


Professor  of  Civil  Engineering, 
University  of  Nebraska 


President,  Nevada  State  University.. 

Professor  of  Civil  Engineering,  Massa- 
chusetts Institute  of  Technology. . . . 

Secretary  of  Technical  Department, 
University  College 


Professor  of  Municipal  and  Sanitary 
Engineering,  University  of  Illinois.. 


la 


1899 

1894 

1893 

1895 

1896 

1899 

1904 

1896 

1894 

1905 

1894 

1897 
1904 


1894 
1897 

1893 
1902 
1893 


MEMBEBS. 


Nams  ahd  Addbess. 


Talbot,  Hknst  P 

Boston,  Mass. 

Tatlob^  Thoicas  U 

Austin,  Tex. 

Tatlos,  WniJAM  D 

416  Wisconsin  Aye., 
Madison,  Wis. 

Teach,  Ohablbs  C 

Auburn,  Ala. 

Thaleb,  Joseph  A 

Bozeman,  Mont. 

Thomas,  Chablbs  W 

West  Raleigh,  N.  G. 

Thomas,  Robebt  G 

Charleston,  S.  G. 

Thobnbubo,  Chabzas  L.  .. . 
South  Bethlehem,  Pa. 

Timmebman,  Abthxjb  H.  . . 
St.  Louis,  Mo. 

Titswobth,  Altbed  a 

590  George  St., 
New  Brunswick,  N.  J. 

Towle,  William  M. 

Enosburg  Falls,  Vt. 

TUBNEAUBE,  FbEDEBIOK  E.  . 

Madison,  Wis. 

TUBNEB,  DAinxL  L. 

220  W.  107th  St., 
New  York,  N.  Y. 

TuBNEB,  William  P 

Lafayette,  Ind. 

TuBBUJi^  Shebman  M. 

64  Church  St., 
Bethlehem,  Pa. 


Title. 


Professor  of  Analytical  Chemistry, 
Massachusetts  Institute  of  Technol- 
ogy    

Professor  of  Civil  Engineering, 
Uniyersity  of  Texas 


Professor  of  Railway  Engineering, 
Uniyersity  of  Wisconsin . . . . , 


President  Alabama  Polytechnic  In- 
stitute     

Professor  of  Electrical  Engineering, 
Montana  College  of  Agriculture  and 
Mechanic  Arts 

Professor  of  Mechanical  Engineering, 
The  North  Carolina  College  of  Agri- 
culture and  Mechanic  Arts 


Professor  of  Mathematics  and  Engi- 
neering, South  Carolina  Milita^ 
Academy    

Professor  of  Mathematics  and  Astron- 
omy, Lehigh  University 

Superintendent  Wagner  Electric  Mfg. 
Co 

Professor  of  Civil  Engineering  and 
Graphics,  Rutgers  College 


Dean  of  College  of  Engineering, 
University  of  Wisconsin 


General  Inspector  of  Stations,  Board 
of  Rapid  Transit  Commissions,  New 
York  City 

Assistant  Professor  of  Practical  Me- 
chanics, Purdue  University 

Civil  Engineer 


g 


1902 
1902 
1894 

1905 

1901 

1904 

1894 
1894 
1894 

1903 
1895 

1894 
1898 

1900 
1903 


MbMpEBS* 


Naiob  avd  Aodbess. 


Ttus,  Haebt  W 

419  Boylffton  St., 
BoBton,  Mass. 

VanHisb,  Ghaeues  R 

Madison,  Wis. 

Van  Obnuic,  John  L 

St.  Louis,  Mo 

Veddeb,  Hebhan  K 

Agricultural  College, 
Mica. 

VOSSKUEHLBB,    JOSEPH   H.  . 

Madison,  Wis. 

VOTET,  J.  WHJJAIC 

Burlington,  Vt. 

Waddezx,  J.  a.  L 

Kansas  City,  Mo. 

Wadswobth,  Joel  E 

22  Morsemere  Place, 
Yonkers,  N.  Y. 

Wadswobth,  M.  Edwabd  . . 
State  College,  Pa. 

Waido,  Clabengb  a 

Lafayette,  Ind. 

Walkeb,  Elton  D 

State  College,  Pa. 

Waixace,  Jacob  H 

Boulder,  Colo. 

Waixace,  John  F. 

355  Dearborn  St., 
Chicago,  III. 

Whebueb,  Chablbs  H 

3446  Chestnut  St., 
Philadelphia,  Pa. 

Whipple,  Gbobge  C 

220  Broadway, 

New  York,  N.  Y. 

White,  Jakes  M 

Champaign,  111. 


Professor  of  Mathematics,  and  Secre- 
tary, Massachusetts  Institute  of 
Technology 

President,  University  of  Wisconsin . . . 

Professor  of  Civil  Engineering, 
Washington  University 

Professor  of  Mathematics  and  Civil 
Engineering,  Michigan  State  Agricul- 
tural College 

Assistant  Professor  of  Machine  De- 
sign, University  of  Wisconsin 

Professor  of  Civil  Engineering  and 
Dean  of  Engineering  Department, 
University  of  Vermont 

Consulting  Bridge  Engineer,  of  Wad- 
dell  and  Hedrick 

Resident  Engineer,  American  Bridge 
Co 

Professor  of  Mining  and  Geology, 
Pennsylvania  State  College 

Head  Professor  of  Mathematics, 
Purdue  University 

Professor  of  Hydraulic  and  Sanitaiy 
Engineering,  Pennsylvania  State  Col- 
lege   

Instructor  in  Engineering  Drawing, 
University  of  Colorado 

Consulting  Engineer 

Professor  of  Mathematics,  Drexel  In- 
stitute   

Consulting  Engineer  and  Sanitary  Ex- 
pert of  Hazen  and  Whipple 

Professor  of  Architectural  Engineer- 
ing and  Dean  of  Engineering  College, 
University  of  Illinois 


S 


g 


1894 
1904 

1895 

1894 
1902 

1902 
1893 
1896 

1895 
1897 

1895 

1905 
1903 


1904 


1896 


1900 


MEMBEBS. 
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Whitivet,  Wnxis  R 

Schenectady,  N.  Y. 

WnXT,  WZLLIAH  0 

43  and  46  E.  19th  St., 
New  York,  N.  Y. 

WnixTT,  Jaubb  R 

434  Jackson  Boulevard, 
Chicago,  111. 

WniiAHS,  Frank  B 

Union  College, 

Schenectady,  K.  Y. 

WiLLIAHS,  STXYBSTEB  N.  . . 

Mt.  Vernon,  Iowa. 

WiLLISTON,  ABTHUB  L 

Brooklyn,  N.  Y. 

WiLMOBB,  John  J. . .  ^ 

Auburn,  Ala. 

Wood,  Abthxtb  J 

State  College,  Pa. 

WOODBBIDGB,  SaKTTEL  H.  .  .  . 

Boston,  Mass. 

WooDWABD,  Calvin  M 

St.  Louis,  Mo. 

WooDWABD,  Robert  S 

Washington,  D.  C. 

Wrbntmore,  Clarenob  G.  . 
933  Forest  Ave., 

Ann  Arbor,  Mich. 

Young,  Iowib  E 

Golden,  Colo. 

ZnOOERMAN,  OUVEB  B 

222  Charter  St., 
Madison,  Wis. 

ZiWET,  Alexander 

Ann  Arbor,  Mich. 


Title. 


Director  of  Research  Laboratory  of  the 
General  Electric  Company,  Schenec- 
tady, N.  Y 

Publisher  of  Scientific  Books,  Secre- 
tary John  Wiley  and  Sons 

Architect 


Associate  Professor  of  Engineering, 
Union  College 

Professor  of  Civil  Engineering, 
Cornell  College 

Director  Department  of  Science  and 
Technology,  Pratt  Institute 

Professor  of  Mechanical  Engineering, 
Alabama  Polytechnic  Institute 

Assistant  Professor  of  Experimental 
Engineering,  Pennsylvania  State  Col- 
lege   

Associate  Professor  of  Heating  and 
Ventilation,  Massachusetts  Institute 
of  Technology 

Dean  of  the  School  of  Engineering 
and  Architecture,  Washington  Uni- 
versity     

President,  Carnegie  Institution,  Wash- 
ington, D.  C. 

Assistant  Professor  of  Civil  Engineer- 
ing, University  of  Michigan 

Professor  of  Mining,  Colorado  School 
of  Mines 

Assistant  Professor  of  Machine  De- 
sign, University  of  Wisconsin 

Professor  of  Mathematics, 
University  of  Michigan 


1902 
1904 

1896 


1901 

1893 
1897 
1894 

1898 
1904 

1894 

1893 
1904 

1903 
1902 

1897 


GEOGRAPHICAL    DISTRIBUTION   OF    MEMBERS. 


AlatMuna.— Crenshaw,  FuUan,  Kay,  Palmer,  Thach,  Wilmore. 

Arkansas.— Gladflon,  Knoch,  Lund,  SteeL 

Califomta.--ChriBt]r,  Derleth,  HoskinB,  Marx,  Ryan,  Wing. 

Colorado. — ^Alderson,  Burger,  Cajori,  L.  G.  Carpenter,  Evans,  Lindsay 
Duncan,  Hunter,  Ketchum,  Lawrence,  J.  H.  Wallace,  Young. 

Connecticut.— Barney,  DuBois. 

Delaware. — ^F.  H.  Robinson. 

District  of  Columbia.— Hayford,  Mead,  R.  S.  Woodward. 

Florida.— Cox,  Benton. 

Georgia.- Hall^  (^Byme. 

niinois.— Arnold,  L  O.  Baker,  Bates,  Bixby,  Breckenridge,  Brill,  M. 
Brooks,  Bumham,  Camp,  Diller,  Freeman,  Frink,  Gill,  Goodenough, 
Horton,  Hotchkiss,  Kerr,  Kinsley,  I.  J.  Macomber,  Monin,  Raymond, 
Ricker,  Rowe,  Short,  Slocum,  A.  N.  Talbot,  J.  F.  Wallace,  White, 
Willett. 

Indiana. — Coulter,  Diemer,  Esterline,  Fermier,  Goss,  Gray,  Hancock, 
Hatt,  M.  A.  Howe,  Ludy,  McColl,  Matthews,  Mees,  Pence,  Ransom, 
Ohle,  W.  G.  Raymond,  Spinney,  S.  N.  Williams. 

Iowa. — S.  W.  Beyer,  Bissell,  Fish,  Ford,  Magowan,  Marston,  Meeker, 
Ohle,  W.  6.  Raymond,  Spinney,  S.  N.  Williams. 

Kansas. — ^Abbott,  Marvin. 

Kentucky. — F.  P.  Anderson,  J.  P.  Brooks,  Faig,  Jett. 

Louisiana.— D.  S.  Anderson,  Creighton,  Herget,  Ordway. 

Maine. — Boardman,  Grover. 

Maryland.— Flint,  A.  W.  Harris. 

Massachusetts.— C.  A.  Adams,  C.  L.  Adams,  C.  F.  Allen,  C.  M  Allen, 
Anthony,  Barrows,  Bray,  Breed,  Burton,  Chandler,  Chase,  Engler,  A.  W. 
French,  Hawes,  Hayward,  Hofman,  HoUis,  James,  Johnson,  Kennedy, 
Lanza,  McKibben,  Mendenhall,  Moyer,  Munroe,  Ostrander,  Park,  D. 
Porter,  Pritchett,  Puffer,  R.  H.  Richards,  Robbins,  Sedgwick,  A.  L.  Smith, 
H.  B.  Smith,  W.  B.  Snow,  Swain,  H.  P.  Talbot,  Tyler,  Woodridge. 

Michigan. — ^Austin,  Christensen,  Cooley,  Copeland,  Denison,  F.  W. 
Denton,  M.  Duncan,  Fisher,  Grant,  Hood,  KeUy,  Longyear,  McNair, 
MacNaughton,  Miggett,  Morley,  Parsons,  Reynolds,  Sperr,  Vedder, 
Wrentmore,  Ziwet. 

Minnesota.— Bass,  Brooke,  Constant,  Henry  T.  Eddy,  Flather,  Frank- 
forter,  Groat,  Haynes,  Hoag,  F.  S.  Jones,  Kavanaugh,  Shepardson, 
Springer. 
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MissiflsippL — ^Drase,  Hume. 

Miflsouri — Defoe,  Femald,  Greene,  E.  G.  Harris,  Hedrick,  Hyde,  J. 
M.  Kent,  Eanealy,  Ladd^  Langsdorf,  Maitland,  Moore,  W.  K.  Palmer, 
BichardBon,  Rodhouse,  Spalding,  Timmerman,  Van  Omum,  Waddell, 
C.  M.  Woodward. 

MontaiUL — J.  8.  Baker,  Thaler,  Mann. 

Hebxaaka. — Cfaatbum,  Davis,  Green,  Price,  C.  R.  Richards,  Stout. 

Nevada. — Stubbs. 

New  Hampahire. — Fletcher,  Hacen,  Holden,  Nesbit,  Pettee. 

New  Jeraey. — J.  £.  Denton,  Ganz,  A.  C.  Humphreys,  Jacobus,  H.  S. 
8.  Smith,  Titsworth. 

New  York. — ^Aldrich,  Atkinson,  Barnes,  Barr,  J.J  8.  Brown,  Browne, 
Burr,  E.  Caldwell,  R.  C.  Carpenter,  Colbum,  Colby,  Corthell,  Crandall, 
Doherty,  Louis  Duncan,  Durand,  Edmands,  Farwell,  Foy6,  Gillette, 
Haney,  Haviland,  Hibbard,  Hutton,  Jacoby,  Jameson,  F.  R.  Jones,  B. 
Jones,  Kaup,  W.  Kent,  Landreth,  G.  8.  Macomber,  McCaustland,  Moran, 
Munroe,  Norris,  Pupin,  Richards,  Russell,  Sever,  Sheldon,  H.  £.  Smith, 
C.  H.  Snow,  Spoflford,  Turner,  J.  E.  Wadsworth,  Wiley,  Whipple,  Whit- 
ney, F.  B.  Williams,  Williston. 

North  Carolina.— C.  W.  Thomas. 

Ohio.— Benjamin,  Bradford,  H.  W.  Brown,  F.  C.  Caldwell,  Dates, 
Horace  T.  Eddy,  T.  E.  French,  Halsted,  Hitchcock,  C.  8.  Howe,  King, 
Lane,  Magruder,  NefF,  Qrton,  S.  W.  Robinson,  Sanborn,  Smith,  Schnei- 
der, Stanwood. 

Pennaylvania. — Atherton,  Ayer,  T.  R.  Beyer,  Carhart,  Drinker,  Dud- 
ley, Esiy,  Foss,  Franklin,  Hamerschlag,  Ives,  J.  P.  Jackson,  Kingsbury, 
Koch,  Lambert,  Lindemann,  Linville,  Marburg,  Merriman,  J.  M.  Porter, 
Powell,  Reber,  Rondinella,  Rowland,  C.  F.  Scott,  Spangler,  Thomburg, 
Turrill,  M.  E.  Wadsworth,  Walker,  Wheeler,  Wood. 

Sbode  Island. — ^Blanehard,  Brooks,  Hill,  Kenerson,  Phetteplace, 
Randall. 

South  CaroUoa.— Kyser,  Riggs,  R.  G.  Thomas. 

Sovtli  Dakota.— Mathews,  Solberg. 

Tennessee. — ^Ayers,  Barton,  Carson,  Schuennan. 

Texas. — ^Brown,  Giesecke,  Love,  Nagle,  Puryear,  A.  C.  Scott,  T.  U. 
Taylor. 

Utah. — Jenson. 

Vermont.— Freedman,  Towle,  E.  Robinson,  Votey. 

Virginia. — D.  C.  Humphreys,  Randolph. 

Washington. — ^Fowler,  Fuller,  More,  Roberts. 

West  Virginia. — ^Boughton,  Emory,  C.  R.  Jones. 

Wisconsin. — ^Bull,  Burgess,  Breugel,  D.  C.  Jackson,  Mack,  Maurer, 
Millar,  H.  Moore,  PhUlips,  Richter,  L.  8.  Smith,  C.  B.  Stewart,  W.  D. 
Taylor,  Tumeaure,  Van  Hise,  Vosskuehler,  Zimmerman. 
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Australia.— Barraclougfa. 

Canada.— Bovey,     Brydone-Jack,     Harrington,     Galbraith,     Owena, 
Pakenham,  Porter,  Bosebnigh,  L.  B.  Stewart. 
SnsUmd.— 8wift. 
Switaerland. — ^Emeh. 

DiFFEBSNT  nrBTlTUTlONS   BEFBESBNTKD : — 

Colleges  and  Universities  teaching  engineering 96 

Manual   Training   Schools 9 

Correspondence  Schools  (2  representatives) 1 

One  institution  is  represented  by  23  members;  one  by  16;  one  by  14; 
one  by  13;  one  by  11;  two  by  8;  two  by  7;  five  by  6;  eight  by  6;  six 
by  4;  eleven  by  3;  nineteen  by  2;  and  thirty-eight  by  1.  'Manual  train- 
ing schools  by  9. 

Teachers,  and,  in  many  cases,  also  practicians 338 

Practicians  not  teachers 62 

Total    400 


GEOGRAPHICAL  dUMMABY  OF  MEMBERS. 


Alabama 

Arkansas 

California 

Colorado    

Conxiectiout 

Delaware 

District  of  Columbia. 

Florida 

Georgia 

Illinois 

Indiana 

Iowa 

Kansas 

Kentucky 

Louisiana 

Maine 


0 

4 

6 

11 

2 

1 

3 

2 

2 

29 

18 

11 

2 

4 

4 

2 


Maryland 2 

Massachusetts 41 

Michigan  22 

Minnesota  13 

Mississippi 2 

Missouri 20 

Montana 3 

Nebraska 6 

Nevada 1 

New  Hampshire 5 

New  Jersey 6 

New  York 63 

North  Carolina 1 

Ohio  21 

Penn^lvania 32 

Rhode  Island 6 


South  Carolina 3 

South  Dakota 2 

Tennessee 4 

Texas 7 

Utah 1 

Vermont 4 

Virginia 2 

Washington 4 

West  Virginia 3 

Wisconsin   17 

Australia 1 

Cuiada 9 

England I 

Switzerland 1 

Total 400 


DECE^ASE^D    ^/IE^^BKRS. 


Nahx. 


VOLIVET  G.  Babboitb 

Chables  B.  Bbush 

ecklet  b.  coxe 

Thouab  M.  Dbown 

Fbaitcib  R.  Tjlva,  Jb 

esiwan  a.  fuxbtes 

Hbnbt  Fulton 

Hkbkkht  G.  Geeb. , 

Albebt  H.  Heixeb 

John  B.  Johnson , 

Rodney  G.  Kimball , 

Bubton  S.  Lanfheab 

Benjamin  F.  La  Rue 

Justus  M.  Silliman 

James  H.  Stanwood 

Robebt  H.  Thubston 

Alphonse  N.  Van  Dabll 

John  R.  Waoneb 

Fbancis  a.  Walkbb 

HowABD   S.    Webb 

Nelson  0.  Whitney 

De  Volson  Wood 


Yeabof 
Election. 


1894 
1893 
1894 
1895 
1894 
1894 
1894, 
1894. 
1903 
1893. 
1894. 
1897. 
1899. 
1894. 
1894. 
1893. 
1897. 
1894. 
1896. 
1897. 
1893. 
1893. 
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Date  of  Death. 


June  4,  1901. 
June  3,  1897. 
May  13,  1895. 
Nov.  16,  1904. 
March  28,  1896. 
January  16, 1903. 
December  6,  1901. 
March  7,  1900. 
Feb.  20,  1906. 
June  23,  1902. 
April  25,  1900. 
October  14,  1904. 
Dec.  22,  1903. 
April  15,  1896. 
May  24,  1896. 
October  25,  1903. 
March  28,  1899. 
January  21,  1899. 
January  5,  1897. 
June  12,  1905. 
March  17,  1901. 
June  27,  1897. 


Memoib. 
Vol.  Page. 

IX,  340 

VII,  181 

VII,  182 

XII,  244 

VII,  183 

XI,  372 

X,  258 

VIII,  371 

X,  259 

X,  261 

XII,  249 

XII,  243 

VII,  184 

VII,  185 

XII,  240 

Vn,  186 

VII,  187 

VII,  188 

IX,  339 

V,  325 


Sp«etal  C#iiiiiiltte«  for  Division  E  (Englncorlnc  Education),  World's 

Englnooring  CongrosSp  iSo). 

IRA  0.  BAKER,  Chairman,  HENRY  T.  EDDY,  VioeChairman, 

WM.  R.  HOAO,  Secretary,  C.  FR.\NK  ALLEN,  Sec'y,  pro  tern., 

MORTIMER  E.  COOLEY,  SAMUEL  W.  STRATTON, 

STORM   BULL. 

DE  VOLSON  WOOD,*  1893-4,         IRA  O.  BAKER,  1899-1900, 
GEORGE  P.  SWAIN,  1894-6,  FRANK  O.  MARVIN,  1900-01, 

MANSFIELD  MERRIMAN,  1895-6,  ROBERT  FLETCHER,  1901-02, 
HENRY  T.  EDDY,  1896-7,  CALVIN  M.  WOODWARD,  1902-3, 

JOHN  B.  JOHNSON,*  1897-8,         C.  FRANK  ALLEN,  1903-04, 
THOS.  C.  MENDENHALL,  1898-0,  FRED  W.  McNaib,  1904-05. 

VIOB-r>R»SIDaNTS. 
SAMUEL  B.  CHRISTY,  GEORGE  F.  SWAIN,  1893-1, 
ROBERT  H.  THURSTON,*  FRANK  O.  MARVIN,  1894-6, 
FRANK  O.  MARVIN,  CADY  STALEY,  1896-6, 
JOHN  GALBRAITH,  JOHN  M.  ORDWAY,  1896-7, 
THOMAS  C.  MENDENHALL,  HARRY  W.  TYLER,  1897-8, 
C.  FRANK  ALLEN,  HENRY  W.  SPANGLER,  1898-9, 
ROBERT  FLETCHER,  CHARLES  D.  MARX,   1899-1900, 
THOMAS  GRAY,  ALBERT  KINGSBURY,  1900-01, 
STORM  BULL,  CALVIN  M.  WOODWARD,  1901-02, 
JOHN  J.   FLATHER,  FRED  W.  MoNAIR,    190^-03, 
CHARLES  L.  CRANDALL,  JAMES  C.  NAGLE,  1903-04, 
CLEMENT  R.  JONES,  ELWOOD  MEAD,  1904-05. 


STORM  BULL,  1893-5,  CLARENCE  A.  WALDO,  1899-02, 

JOHN  J.  FLATHER,  1895-9,  ARTHUR  N.  TALBOT,  1902-04, 

FREDERICK  P.  SPALDING,  1904r-06. 

ssorkta.rie:s. 

JOHN  B.  JOHNSON,*  1893-05,        EDGAR  MARBURG,  1899-1900, 
C.  FRANK  ALLEN,  1895-7,  HENRY  S.  JACOBY,  1900-02, 
ALBERT  KINGSBURY,  1897-0,      CLARENCE  A.  WALDO,  1902-04, 
^niX)  S.  KETCHUM,  1904-05. 

*  Deceased. 
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If.  £.  Cioourr, 

W.  R.  HOAQ, 


Tsrins  of  OfRc*  Expired  In 
H.  T.  Eddt, 
S.  W.  Robinson, 
R.  H.  Thubston.* 


T«rms  of  Offico  Ixplrod  In 
H.  T.  BovET,  W.  H.  Burr, 

Mansfieij)  Mebbiman,  W.  G.  Raymond, 

Db  Volson  Wood.* 


I.  0.  Baker, 
John  Galbbaith, 


Torms  of  Offico  Exp  I  rod  In 

Storm  Bull, 
J.  B.  Johnson,* 
C.  D.  Mabz. 


Tormo  of  OffRco  Explrod  In 
J.  J.  Flather, 
Albert  Kinosbubt,        L.  S.  Randolph, 

R.  H.  Thubston.* 


H.  T.  Eddt, 


C.  F.  Alun, 
J.  M.  Obdwat, 


Tormo  of  OfRco  Explrod  In 
C.  L.  Mees, 
W.  G.  Raymond, 

R.  S.  WOODWABO. 


lS04. 

W.  F.  M.  Goss, 
H.  W.  Spangleb, 

O.  H.  Landbeth, 
G.  F.  Swain, 

1896. 

S.  B.  Ghbisty, 
F.  O.  Mabfin, 


••97- 

J.  P.  Jackson, 
S.  W.  Robinson, 

1898. 

Mansfietj)  Mebbiman, 
Cadey  Staley, 


T«rnio  of  Offleo  Explrod  In 

Abthxtb  Beabdsley,       Robebt  Fletoheb, 


William  Kent, 


Stobm  Bull, 
F.  O.  Mabyin, 


T.  M.  Dbown,* 
Gaetano  Lanza, 


Bbown  Ayebs, 
W.  T.  Maobudeb, 


G.  F.  Allen, 
J.  P.  Bbooks, 


W.  F.  M.  Goss, 
O.  H.  Landbeth, 


Wm-Esty, 
H.  S.  Jaooby, 

*  Deceased. 


T.  C.  Mendenhall, 
M.  £.  Wadswobth. 

Tormo  of  (Mfleo  Explrod  In 
L.  G.  Cabpenteb, 
R.  B.  Otpens, 
R.  H.  Thubston.* 

Tormo  of  OfHco  Explrod  In 

M.  A.  Howe, 
P.  C.  Rigketts. 

C.  M.  Woodwabd. 

Tormo  of  Offleo  Explrod  In 
G.  W.  Bissell^ 
F.  W.  McNaib, 
A.  J.  Wood. 

Tormo  of  Offleo  Explrod  In 

D.  G.  Jackson, 
Edgab  Mabbubo, 
J.  C.  Naole. 

Tormo  of  Offleo  Explrod  In 

Thomas  Gbay, 

W.  G.  itAYMOND, 

L.  S.  Randolph, 

Tormo  of  Offico  Expired  In 
L.  J.  Johnson, 
Elwood  Mead, 
Edwabd  Obton. 


1899* 

John  Galbbaith, 
w.  h.  schuebman, 


1900. 

Albebt  Kinosbuby, 
R.  L.  Sackett, 


1901. 

I.  N.  HOLLIS, 

R.  G.  Thomas, 


1900. 
J.  J.  Flatheb, 

J.   M.  POBTEB, 


19OS. 
N.  G.  RiGKEB, 
A.  L.  WlIXISTON, 


1904- 
D.  G.  Humphbeys, 
L.  E.  Rebeb, 


190s. 

W.  M.  TOWLE, 

J.  L.  Van  Obnum. 


CONSTITUTION 

OF  THB 

Society  for  the  Promotion  of  Engineering  Education 


1.  Nahb. — This  organization  shall  be  called  the  Sooiety  fob 

THE  PeOHOTION  OF  ENGINEERING  EDUCATION. 

2.  Members. — Members  of  the  Society  shall  be  those  who 
occupy^  or  have  occupied^  responsible  positions  in  the  work  of 
engineering  instruction,  together  with  such  other  persons  as 
may  be  recommended  by  the  Council. 

Honorary  Members  of  the  Society  shall  be  such  persons  as 
may  be  recommended  by  unanimous  vote  of  the  Council  after 
a  letter  ballot.  In  taking  this  ballot.  Secretary  is  directed  to 
close  the  polls  one  month  after  the  names  of  the  candidates  are 
sent  out.  Councilors  not  heard  from  will  be  counted  in  favor 
of  the  candidate.  Honorary  Members  shall  not  have  the  right 
to  vote,  shall  not  be  eligible  to  office,  and  shall  not  be  required 
to  pay  any  fees  or  dues. 

life  Members  of  the  Society  shall  be  those  members  not  in 
arrears  who  have  paid  Fifty  Dollars  into  the  Treasury  of  the 
Society  at  one  time. 

The  name  of  each  candidate  for  membership  shall  be  pro- 
posed in  writing  to  the  Council  by  two  members  to  whom  he 
is  personally  known.  Such  name,  if  approved  by  the  Council, 
shall  be  voted  on  by  the  Society  at  the  annual  meeting;  or, 
during  the  period  between  Annual  Meetings,  the  Secretary 
may  at  any  time  submit  to  the  council  the  names  of  candidates 
with  the  names  of  their  sponsors.  An  affirmative  letter  ballot 
of  three-fourths  of  those  whose  vote  reaches  the  Secretary  within 
one  month  of  the  time  of  sending  out  the  names  of  candidates 
will  suffice  to  elect.  Such  elections  shall  be  credited  to  the 
previous  Annual  Meeting,  and  dues  will  date  from  that  time. 

3.  Officers. — There  shall  be  a  President,  two  Vice-Presi- 
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dents,  a  Secretary  and  a  Treasurer,  each  to  hold  oflBce  for  one 
year.  They  shall  be  chosen  by  vote  of  the  members  at  the 
annual  meeting. 

4.  Council. — The  Council  of  this  Society  shall  consist  of 
twenty-one  electiye  members,  one-third  of  whom  shall  retire 
annually.  The  ofiScers  and  the  past  Presidents  of  the  Society 
shall  be  members  of  the  Council  ex  offldis. 

Any  member  of  this  Society  shall  be  eligible  to  election  to  the 
Council,  provided  that  not  more  than  one  elective  member  shall 
be  from  any  one  college. 

Members  of  the  Council  shall  be  elected  by  ballot  by  the  So- 
ciety, at  its  annual  meeting. 

The  Council  shall  constitute  a  general  executive  body  of  the 
Society,  pass  on  proposals  for  membership,  elect  candidates  ad 
interim,  attend  to  all  business  of  the  Society,  receive  and  report 
on  propositions  for  amendments  to  the  constitution,  and  shall 
have  power  to  fill  temporary  vacancies  in  the  offices. 

6.  Nominating  Committee. — ^The  Nominating  Committee 
shall  consist  of  the  Past  Presidents  and  the  seven  elective  mem- 
bers of  the  Council  retiring  the  following  year,  provided,  how- 
ever, that  if,  of  this  committee,  the  number  in  attendance  at  any 
meeting  be  less  than  five,  the  President  shall  make  appointments 
80  as  to  form  a  committee  of  five. 

6.  Fees  and  Dues. — ^The  admission  fee,  which  shall  also  in- 
clude the  first  year's  dues,  shall  be  three  dollars,  and  the  annual 
dues  thereafter  three  dollars,  payable  at  the  time  of  the  annual 
meeting.  Those  in  arrears  more  than  one  year  shall  not  be  en- 
titled to  vote,  nor  to  receive  copies  of  the  Proceedings,  and  such 
members  shall  be  notified  thereof  by  the  Secretary  one  month 
previous  to  the  annual  meeting.  Any  member  who  shall  be  in 
arrears  more  than  two  years  and  shall  have  been  duly  notified  by 
the  Secretary,  shall  be  thereby  dropped  from  the  roll,  excepting 
such  arrearages  shall  be  paid  previous  to  the  next  ensuing  annual 
meeting;  and  no  such  member  shall  be  restored  until  he  has  paid 
his  arrears. 

7.  Meetings. — ^There  shall  be  a  regular  meeting  occurring  at 
the  time  and  place  of  the  meeting  of  the  American  Association 
for  the  Advancement  of  Science,  or  of  some  one  of  the  National 
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Engineering  Societies^  or  otherwise  as  the  Council  may  deter- 
mine. 

8.  Publication. — The  Proceedings  of  the  Society,  and  such 
papers  or  abstracts  as  may  be  approved  by  the  Council,  shall  be 
published  as  soon  as  possible  after  each  annual  meeting. 

9.  Amendments. — This  Constitution  may  be  amended  by  a 
two-thirds  Tote  at  any  regular  meeting,  the  amendment  having 
been  approved  by  a  two-thirds  vote  of  the  Council,  taken  by 
letter  ballot. 


RULES   GOVERNING   THE   COUNCIL. 

First.  The  oflScers  of  the  Society  shall  constitute  a  committee 
to  arrange  the  time  and  place  of  the  annual  meeting,  and  also 
to  prepare  a  programme  for  the  same. 

Second.  The  President,  Secretary  and  Treasurer  shall  con- 
stitute an  Executive  Committee,  which  shall  have  charge  of  all 
matters  relating  to  the  business  affairs  of  the  Society  not  other- 
wise provided  for. 

Third.  The  reading  of  papers  shall  be  limited  to  fifteen 
minutes  each,  and  abstracts  of  the  same  of  about  three  hundred 
words  or  less  shall  be  printed  when  practicable  and  distributed 
in  advance  to  the  members. 

Fourth.  The  time  occupied  by  each  person  in  the  discussion 
of  any  paper  shall  not  exceed  five  minutes. 


Proceedings. 


Wednesday,  June  28,  1905. 


MOBNING  SESSION,   10  O^GLOGK. 

The  thirteenth  annual  meeting  of  the  Society  fob 
THE  Pbomotion  OF  Engineebing  EDUCATION  was  held 
in  the  Hotel  Chalfonte,  Atlantic  City,  New  Jersey, 
Jnne  28  and  29,  1905. 

The  meeting  was  called  to  order  by  the  President, 
Fred  W.  McNair. 

The  report  of  the  Secretary  was  read  and  accepted. 
The  report  of  the  Treasurer  was  read  and  was  referred 
by  the  President  to  an  Auditing  Committee  consisting 
of  Professors  A.  N.  Talbot  and  L.  E.  Reber. 

The  following  applicants,  having  been  approved  by 
the  Council,  were  elected  members  of  the  Society: 
Leonard  S.  Austin,  Will  H.  Boughton,  Edward  Cald- 
well, George  L.  Christensen,  Durward  Copeland,  Harry 
E.  Diller,  Henry  S.  Drinker,  Murray  M.  Duncan,  Fred 
A.  Fish,  Halbert  P.  Gillette,  Elmer  D.  Grant,  John  F. 
Hayford,  William  Kelly,  John  M.  Longyear,  James 
MacNaughton,  Herbert  F.  Moore,  Thomas  W.  Palmer, 
Floyd  W.  Parsons,  Alvin  A.  Steel,  Charles  C.  Thach. 

The  Secretary  reported  that  the  following  had  been 
elected  members  since  the  St.  Louis  meeting :  Henry  B. 
Dates,  Arnold  Emch,  John  A.  Hunter,  Charles  Derleth, 
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Jr.,  Charles  Burger,  George  S.  Maeomber,  Charles  W. 
Thomas,  James  A.  Moyer. 

On  accomit  of  a  delay  in  obtaining  a  lantern  the  Pres- 
ident's  address  was  deferred  until  the  evening  session. 

The  report  of  the  Committee  on  Statistics  of  Engi- 
neering Education,  prepared  by  the  Chairman,  Pro- 
fessor W.  T.  Magmder,  was  read  by  the  Secretary. 
The  report  was  accepted  by  the  Society  and  the  com- 
mittee continued. 

The  committees  on  Industrial  Education  and  Tech- 
nical Books  for  Libraries  made  no  report. 

AFTEBNOON   SESSION,   2:30  o'CLOCK. 

The  first  paper  of  the  session  was  on  *  *  Some  Points 
on  the  Teaching  of  Mathematics  to  Engineering  Stu- 
dents, *  *  by  Professor  Florian  Cajori.  Professor  Cajori 
not  being  present  the  paper  was  read  by  the  Secretary. 
The  paper  was  discussed  by  President  McNair  and  by 
Professors  Swain,  Tumeaure,  H.  P.  Talbot,  Webb, 
Howe,  Waldo  and  Marburg. 

The  first  paper  under  the  subject  * 'Symposium  :— 
Methods  of  Handling  Problem  Work  in  Large  Classes,  *  * 
was  prepared  by  Professor  E.  R.  Maurer,  and  in  the 
absence  of  the  author  was  read  by  Dean  F.  E.  Tum- 
eaure. 

The  second  paper  on  the  same  subject  was  prepared 
by  Professor  C.  A.  Waldo,  and  was  read  by  the  author. 
The  discussion  was  opened  by  President  Charles  S. 
Howe,  who  described  the  methods  in  use  at  the  Case 
School  of  Applied  Science.  The  papers  were  freely 
discussed  by  Professors  Marburg,  Merriman,  Waldo, 
Raymond,  Hibbard,  Ganz,  Smith,  C.  Frank  Allen,  H. 
P.  Talbot  and  Howe. 
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A  paper  on  ^'A  Field  Course  in  Mining  Engineer- 
ing,'^ prepared  by  Professor  Frederick  W.  Sperr,  was 
read  by  the  author. 

It  was  moved  and  carried  to  discuss  all  papers  on 
Surveying  at  one  time. 

The  paper  by  Professor  Leonard  S.  Smith,  on  * '  Sum- 
mer Surveying  at  the  University  of  Wisconsin,  *'  was 
read  by  Dean  F.  E.  Tumeaure. 

The  paper  by  Professor  Charles  L.  Crandall,  on 
** Summer  Surveying  at  Cornell  University,*'  was  read 
by  the  Secretary. 

The  discussion  on  the  three  preceding  papers  and 
on  the  topic  for  discussion,  **  Summer  Schools  of  Sur- 
veying," was  participated  in  by  Professors  Howe, 
Turneaure,  Eaymond,  Sperr,  Neff,  H.  S.  Munroe, 
Swain,  Beber,  Merriman  and  Waldo. 

The  paper  on  *  *  Opportunities  for  Engineering  Grad- 
uates in  the  Government  Service, ' '  written  by  John  F. 
Hayf ord,  was  read  by  the  author.  The  paper  was  freely 
discussed  by  Professors  Sperr,  Marburg,  McNair  and 
Mr.  Hayf  ord. 

EVENING  SESSION,  8  o'CLOCK. 

The  President  announced  that  he  had  appointed  Pro- 
fessors Charles  S.  Howe,  C.  Frank  Allen  and  Frederick 
L.  Tumeaure  as  members  of  a  committee  which  was 
authorized  by  the  Council  to  report  on  the  attitude  of 
the  Society  concerning  the  matter  of  a  color  to  be  used 
to  designate  engineering  degrees  in  academic  costume. 

The  literary  exercises  were  opened  by  the  delivery 
of  the  Annual  Address  by  the  President,  Fred  W. 
McNair,  President  of  the  Michigan  College  of  Mines, 
on  ** American  Mining  Schools." 
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The  paper  on  **  Organization  of  a  school  of  Engi- 
neering,** by  Professor  Arthur  H.  Ford,  was  read  by 
the  author.  The  paper  was  discussed  by  the  President 
and  by  Professors  Ford,  Marburg,  Williston,  Waldo, 
C.  Frank  Allen,  Swain  and  A.  N.  Talbot. 

The  paper  on  ^'Engineering  Instruction  in  Large 
Technical  Schools,'*  by  Professor  Henry  H.  Norris, 
was  read  by  Professor  Waldo.  The  paper  was  dis- 
cussed by  Professors  C.  Frank  Allen,  Magruder  and 
Waldo, 

A  paper,  *  *  The  Design  and  Equipment  of  Engineer- 
ing Buildings,**  was  read  by  the  author.  Professor 
William  G.  Eaymond.  The  paper  was  discussed  by 
Professors  Marburg,  Waldo,  Baker,  Williston,  Howe, 
C.  Frank  Allen,  Swain,  Tumeaure  and  Raymond. 

On  motion  the  paper  on  '  *  The  Progress  and  Influence 
of  Technical  Education,  *  *  prepared  by  President  Victor 
0.  Alderson,  was  on  account  of  the  lateness  of  the  hour 
deferred  until  the  morning  session. 


Thubsday,  June  29,  1905. 


MOBNING  SESSION,  10  o'CLOCK. 

Professor  Swain,  Chairman  of  the  Committee  on 
Nominations,  made  the  following  report: 

For  President:  Professor  Charles  L.  Crandall,  Cor- 
nell University,  Ithaca,  N.  Y. 

For  Vice-Presidents:  Professor  William  T.  Ma- 
gruder, Ohio  State  University,  Columbus,  Ohio,  and 
Professor  John  P.  Jackson,  Pennsylvania  State  Col- 
lege, State  College,  Pa. 
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For  Secretary:  Professor  Milo  S.  Ketchum,  Univer- 
sity of  Colorado,  Boulder,  Colo. 

For  Treasurer:  Professor  Frederick  P.  Spalding, 
University  of  Missouri,  Columbia,  Mo. 

For  members  of  the  Council  whose  terms  are  to  ex- 
pire in  1908:  President  Victor  C.  Alderson,  Colorado 
School  of  Mines,  Gk>lden,  Colo.;  Professor  Francis  C. 
Caldwell,  Ohio  State  University,  Columbus,  Ohio ;  Pro- 
fessor Arthur  H.  Ford,  Georgia  School  of  Technology, 
Atlanta,  Ga.;  Professor  Henry  S.  Munroe,  Columbia 
University,  New  York,  N.  Y. ;  Professor  Frederick  W. 
Sperr,  Michigan  College  of  Mines,  Houghton,  Mich.; 
Professor  H.  P.  Talbot,  Massachusetts  Institute  of 
Technology,  Boston,  Mass. ;  Professor  Arthur  N.  Wil- 
liston,  Pratt  Institute,  Brooklyn,  N.  Y. 

On  motion  the  report  of  the  Nominating  Committee 
was  unanimously  adopted. 

The  following  report  on  the  matter  of  a  distinctive 
color  to  represent  engineering  degrees  in  academic 
costume  was  read  by  the  Secretary,  and  on  motion  was 
adopted : 

The  sub-committee  to  which  was  referred  the  mat- 
ter of  academic  costume  begs  leave  to  make  the  follow- 
ing report.  We  recommend  that  the  Society  take  the 
following  action : 

This  Society  has  no  wish  to  interfere  with  the  custom 
of  wearing  or  not  wearing  academic  costume  in  any 
institution,  but  if  any  technical  school  wishes  to  adopt 
a  separate  color  to  represent  the  engineering  degree, 
we  recommend  that  the  color  be  orange. 

We  also  recommend  that  this  color  be  used  to  indicate 
all  engineering  degrees,  whether  called  civil  engineer, 
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etc.,  or  B.S.  in  civil  engineering,  etc.,  or  bachelor  of 
engineering,  or  master  of  engineering,  or  doctor  of 
engineering. 

(Signed)  Chas.  S.  Howe, 
C.  Prank  Allen, 

F.  E.  TURNBATJRE, 

Committee. 

The  committee  appointed  by  the  Society  at  the  Niagara 
meeting  to  consider  the  proposition  made  by  Mr.  J.  A. 
L.  Waddell,  that  a  concerted  effort  be  made  under  the 
auspices  of  this  Society  to  have  published  a  history  and 
biography  of  the  engineering  profession,  made  the  fol- 
lowing report  through  its  chairman.  Professor  Arthur 
N.  Williston. 

Gentlemen:  Your  committee  appointed  to  consider 
the  proposition  made  to  the  Society  at  the  Niagara 
meeting  by  Mr.  Waddell— that  a  concerted  effort  be 
made  under  the  auspices  of  this  Society  to  have  pub- 
lished a  history  and  biography  of  the  engineering  pro- 
fession—begs leave  to  present  the  following  report: 

The  committee  did  not  present  a  report  at  the  St. 
Louis  meeting  a  year  ago,  because  there  were  scheduled 
on  the  program  for  that  meeting  two  papers  from  mem- 
bers of  the  Society  on  the  subject,  copies  of  which  the 
committee  was  unable  to  obtain  in  advance ;  and  before 
these  papers  had  been  read,  for  the  committee  to  pre- 
sent a  report  saying,  in  substance,  that  it  saw  no  fea- 
sible plan  by  which  this  Society  could  undertake  the 
responsibility  for  the  publishing  or  editing  such  a  work 
as  had  been  recommended,  did  not  seem  a  very  gracious 
thing  to  do.  The  presentation  of  the  report  was  there- 
fore postponed. 
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The  committee  now  wishes  to  say  that  the  subject 
referred  to  is  one  in  which  it  feels  a  deep  interest  and 
is  in  hearty  sympathy  with ;  and  also  that  it  is  one  in 
which  it  believes  all  the  members  of  the  Society  are 
interested.  The  need  for  historical  or  biographical 
material  in  the  engineering  profession  that  is  readily 
available  and  in  suitable  form  for  use  with  students,  is 
keenly  felt.  Something  may  have  already  been  accom- 
plished by  the  discussion  that  has  been  brought  out, 
and  much  good  may  have  resulted  from  it.  It  has  called 
attention  to  the  need  for  something  more  and  better 
than  we  now  have,  and  it  is  hoped  that  it  may  also  en- 
courage the  publication,  at  least  of  pamphlets  and  short 
articles  in  the  technical  press  and  papers  in  the  trans- 
action  of  this  or  other  scientific  societies  which  will 
cover  a  portion  of  the  field.  If  the  interest  in  the  sub- 
ject proves  to  be  lasting,  a  great  deal  may  be  added  to 
the  material  that  we  have  at  present,— which,  perhaps 
it  ought  to  be  said,  is  not  so  meager  as  has  been  sup- 
posed. There  is  nevertheless  a  great  need  of  constant 
additions  to  it. 

The  task,  however,  of  gathering  together  the  neces- 
sary material,  and  the  diflSculty  of  wisely  editing  it  and 
presenting  it  in  suitable  style  and  form  to  make  it  at- 
tractive to  the  great  variety  of  readers  interested,  and 
the  responsibilities— both  financial  and  otherwise— are 
too  great,  the  committee  believes,  to  make  it  wise  or 
feasible  for  this  Society  as  a  body  to  undertake  this 
work.  The  only  way  the  committee  feels  in  which  it 
will  be  possible  for  the  Society  to  help  toward  the  ulti- 
mate accomplishment  of  this  idea  in  which  we  all  of  us 
are  interested,  are  embodied  in  the  following  recom- 
mendations : 


8  FBOGEEDINGS. 

1.  The  committee  recommends  that  this  Society  urge 
all  of  its  members,  and  through  them,  urge  the  members 
of  other  societies  and  all  members  of  the  profession  to 
prepare  for  our  own  transactions  or  for  the  transactions 
of  other  societies,  or  for  the  technical  press,  articles  or 
pax)ers  of  an  historical  or  biographical  character  on  any 
subjects  on  which  they  have  any  special  information  or 
are  so  situated  that  they  can  readily  obtain  such  infor- 
mation. 

2.  The  committee  also  recommends  that  the  Society 
urge  its  members  to  make  for  their  own  use  collections 
and  indices  of  such  historical  and  biographical  material 
as  they  can  find  in  their  several  specialties,  and  that  it 
urge  them  to  present  such  indices  or  bibliographies  to 
the  Society  for  publication  in  its  proceedings,  so  that 
other  members  in  parallel  fields  of  work  may  have  the 
benefit. 

3.  The  committee  also  recommends  that  the  Society 
recommend  to  its  present  and  to  its  future  program 
committees  the  propriety  of  inviting  each  year  suitable 
persons,  either  within  or  without  the  membership  of  the 
Society  to  present  to  us  at  our  annual  meeting  and  for 
our  proceedings  at  least  one  historical  or  biographical 
paper.  The  committee  feels  that  no  subjects  would  be 
of  more  universal  interest  to  our  members. 

4.  The  committee  also  recommends  that  the  Society 
suggest  to  its  council  the  advisability  of  offering  from 
time  to  time  either  a  special  prize  or  honorarium,  for 
the  best  papers  presented  in  this  way. 

The  committee  believes  that  in  each  of  the  ways  that 
it  is  here  suggesting  that  it  may  be  possible  to  bring 
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out  much  more  interesting  and  valuable  information 
which  would  be  otherwise  entirely  lost. 

(Signed)  Abthub  L.  Wiuliston, 
Mansfield  Mebbiman, 
Wm.  G.  Raymond, 

Committee. 


On  motion  the  report  was  received,  the  recommenda- 
tions were  referred  to  the  Council,  and  the  committee 
discharged. 

The  committee  appointed  to  audit  the  Treasurer's 
books  made  the  following  report : 

We  have  examined  the  accounts  of  the  Treasurer  and 
compared  the  vouchers  with  the  items  of  the  report, 
and  with  the  exception  of  one  voucher  from  The  New 
Era  Printing  Company  which  has  not  yet  been  returned 
to  the  Treasurer,  the  vouchers  check  with  the  report  of 
the  Treasurer.  We  find  the  accounts  reported  by  the 
Treasurer  to  be  correct. 

(Signed)  Arthur  N.  Taubot, 
Louis  E.  Beber, 

Committee. 

On  motion  the  report  was  accepted. 

A  paper  on  *  *  Need  for  Instruction  in  Highway  Engi- 
neering, *  ^  by  Mr.  A.  N.  Johnson,  highway  engineer,  U. 
S.  Department  of  Agriculture,  was  read  by  the  author. 
The  discussion  was  participated  in  by  Professors  C. 
Frank  Allen,  Raymond,  Webb,  Ketchum  and  Mr.  John- 
son. 

A  paper  on  *  *  The  Teaching  of  Agricultural  Engineer- 
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ing  in  Land  Grant  Colleges, '  ^  written  by  Professor  C. 
F.  Zintheo,  Iowa  State  College,  Ames,  la.,  was  read 
by  the  Secretary.  The  paper  was  discussed  by  Pro- 
fessors Tumeanre,  Ketchnm  and  Williston. 

A  paper  on  *'The  Education  of  Mechanics,"  by 
Henry  M.  Lane,  was  read  by  the  Secretary.  The  dis- 
cussion on  this  paper  was  deferred  until  after  the  read- 
ing of  the  next  paper. 

A  paper  on  **The  Support  of  Secondary  Technical 
Schools  by  the  State,"  by  Dean  F.  E.  Turneaure,  was 
read  by  the  author.  The  two  papers  were  discussed  by 
Professors  Eaymond,  Williston,  Waldo  and  Howe. 

The  report  of  the  Committee  on  Bequirements  for 
Graduation  was  presented  by  the  chairman.  Professor 
Wm.  G.  Raymond.  The  discussion  on  the  report  was 
led  by  Professors  Turneaure,  Hibbard,  Freedman, 
Henry,  S.  Munroe  and  Sperr. 

On  motion  the  paper  on  *  *  The  Progress  and  Influence 
of  Technical  Education,"  by  President  Victor  C.  Alder- 
son,  was  read  by  title  and  ordered  printed  in  the  Pbo- 

GEEDINOS. 

EVENING   SESSION,  8   O^GLOCK. 

A  joint  meeting  was  held  with  the  American  Society 
for  Testing  Materials,  President  McNair  and  President 
Dudley  presiding. 

A  paper  on  *'The  Testing  Engineer,"  by  C.  B.  Dud- 
ley, president  of  the  American  Society  for  Testing 
Materials  and  a  member  of  the  Society,  was  read  by  the 
author. 

A  paper  on  **A  Course  in  the  Properties  of  Mate- 
rials," by  Professor  George  L.  Christensen,  Michigan 
College  of  Mines,  was  read  by  the  author. 
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A  paper  on  **A  Course  in  the  Testing  of  Materials,*' 
by  Professor  W.  K.  Hatt,  Purdue  University,  was  read 
by  the  author.  The  preceding  papers  were  discussed 
by  Professors  Hibbard,  Goss,  Merriman,  Lanza  and 
Sperr,  members  of  the  Society,  and  by  Mr.  William 
Metcalf  and  Professor  Bradley  Stoughton,  members  of 
the  American  Society  for  Testing  Materials. 

A  paper  on  ^  *  The  Plan  and  Scope  of  Proposed  Inves- 
tigation of  Structural  Materials  under  the  Auspices  of 
the  United  States  Geological  Survey,*'  prepared  by 
Messrs.  J.  A.  Holmes  and  Richard  L.  Humphreys,  was 
presented  by  the  authors. 

The  paper  was  discussed  by  Messrs.  Holmes,  Hum- 
phreys, Hall  and  Leslie,  of  the  American  Society  for 
Testing  Materials,  and  by  Professors  Hatt  and  Lanza, 
members  of  both  societies. 

The  meeting  then  adjourned. 

The  following  members  registered  and  were  in  at- 
tendance :  C.  Frank  Allen,  W.  H.  Boughton,  1. 0.  Baker, 
Edward  Caldwell,  G.  L.  Christensen,  H.  E.  Diller,  C. 
B.  Dudley,  J.  A.  Fisher,  Jr.,  A.  H.  Ford,  W.  H.  Freed- 
man,  H.  P.  Gillette,  E.  D.  Grant,  A.  F.  Ganz,  W.  K. 
Hatt,  J.  A.  Hunter,  Chas.  S.  Howe,  A.  Lincoln  Hyde, 
H.  Wade  Hibbard,  C.  B.  Jones,  M.  S.  Ketchum,  Edgar 
B.  Kay,  William  Kent,  P.  A.  Lambert,  Gaetano  Lanza, 
Edgar  Marburg,  Mansfield  Merriman,  Henry  S.  Mun- 
roe,  F.  W.  McNair,  F.  H.  Neff,  Chas.  A.  Perkins,  Louis 
E.  Beber,  Wm.  G.  Baymond,  F.  P.  Spalding,  George  F. 
Swain,  H.  E.  Smith,  F.  W.  Sperr,  A.  N.  Talbot,  H.  P. 
Talbot,  A.  A.  Titsworth,  F.  E.  Tumeaure,  C.  A.  Waldo, 
W.  0.  Wiley,  A.  L.  Williston. 
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Report  of  the  Secretary. 

At  the  begiiming  of  the  last  meeting  the  membership  of  the 
Society  was  325.  Fifty-one  candidates  were  elected  at  the  St. 
Lords  meeting  and  eight  were  elected  later  by  the  council 
daring  the  year.  Several  members  have  resigned  daring  the 
year,  leaving  a  membership  of  379. 

That  the  Society  is  becoming  well  and  favorably  known 
among  teachers  and  practicians  is  made  evident  by  the  fact 
that  several  papers  have  been  prepared  for  the  present  meeting 
by  men  in  practical  work.  The  infiaence  of  the  Society  in 
lines  both  educational  and  practical  is  becoming  greater  each 
year. 

The  finances  have  been  well  cared  for  and  the  Society  is  now 
in  excellent  financial  condition.  The  rapidly  increasing  mem- 
bership is  tending  to  make  the  work  of  the  officers  quite  ardu- 
ous, especially  the  work  of  the  Secretary.  This  matter  re- 
quires serious  consideration. 

During  the  past  year  the  Society  has  suffered  a  loss  by  death 
of  Thomas  Messenger  Drown,  President  of  Lehigh  University, 
and  Burton  S.  Lanphear,  Assistant  Professor  of  Electrical 
Engineering  in  Iowa  State  College. 

Respectfully  submitted, 

Mnx)  S.  Ketchum,  Secretary, 

Report  of  the  Treasurer. 

The  Treasurer  of  the  Society  would  respectfully  report  as 
follows : 

The  total  receipts  during  the  year  1904-5,  as  given  in  the 
itemized  statements  herewith,  have  been  $1,450.54  of  which 
$870  was  for  current  dues.  There  is  at  present  a  balance  of 
$510.56  on  hand ;  which  is  somewhat  less  than  the  balance  re- 
ported at  the  last  meeting,  owing  to  certain  accounts  for  sale 
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of  proceedings  and  reprints  of  papers  not  having  been  col- 
lected.   When  outstanding  accounts  are  settled  the  balance 
will  be  considerably  more  than  at  the  last  meeting. 
A  condensed  statement  of  receipts  and  expenditures  is  here 

given. 

Beceipts. 

Cash  from  report  of  September  1,  1904 $  552.34 

Keprint  of  author's  paper 4.20 

Current  dues    870.00 

Past  dues  collected 24.00 

$1,450.54 
Expenditures. 

Expenses  of  St.  Louis  meeting $  91.05 

Secretary's  expenses 90.29 

Treasurer's  expenses  44.51 

Printing  Vol.  XII.  of  Proceedings,  etc 522.37 

Committee  on  Statistics 50.00 

Committee  on  Graduation  Eequirements 41.76 

Secretary's  honorarium   100.00 

Balance,  cash  on  hand 510.56 

$1,450.54 
Respectfully  submitted, 

Frederick  P.  Spalding^  Treasurer. 
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BY  PRESIDENT   FRED  W.  McNAIR, 
President  Michigan  College  of  Mines. 

Growth  op  American  Mining  School  Since  1892. 

It  is  fact  worthy  of  remark  that  mining  engineer- 
ing has  figured  very  little  in  the  transactions  of  the 
Society  for  Promotion  of  Engineering  Education.  Few 
mining  engineers  or  minmg  professors  take  part  in  the 
meetings  of  the  Society,  and  some  two  or  three  papers 
in  the  earliest  volumes  comprise  almost  the  only  refer- 
ence  to  mining  subjects  in  the  proceedings.  It  is  true 
that  among  the  hosts  of  civil,  mechanical,  electrical, 
railway,  and  other  engineers,  the  number  of  mining 
engineers  seems  almost  insignificant  and  at  first  sight 
apparently  justifies  the  silence  concerning  them,  yet 
when  the  value  of  mining  products  is  considered  and 
with  it  the  extent  of  the  industries  dependent  more  or 
less  directly  on  mining,  there  is  reached  a  very  different 
estimate  of  the  mining  engineer  and  his  training.  From 
this  latter  view  point,  it  would  seem  that  either  this 
Society  should  modify  its  general  title  or  that  we  should 
hear  more  about  the  training  of  men  for  this  particular 
profession. 

Back  in  1886  Professor  R.  H.  Richards,  then  presi- 
dent of  the  American  Institute  of  Mining  Engineers, 
in  his  address  at  the  Bethlehem  meeting  reached  the 
conclusion  that  *' mining  schools  have  amply  proved 
the  necessity  for  their  existence/*    Six  years  later, 

(14) 
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namely^  in  1892,  the  Engineering  News  was  investi- 
gating  the  distribntion  of  engineering  graduates  among 
the  different  courses  in  American  schools,  and  in  pub- 
lishing its  results  drew  the  conclusion  that  all  of  the 
then  existing  mining  schools  would  better  give  up  their 
hold  on  life  and  allow  their  resources  and  energy  to  be 
devoted  to  other  lines  of  engineering  training.  To  get 
the  spirit  of  the  discussion  by  this  able  journal  it  is 
worth  while  to  quote  a  few  of  its  sentences. 

'^  Mining  engineering  itself  is  a  rapidly  expanding 
department  of  professional  work,  while  the  number  of 
graduates  from  mining  schools  has  been  steadily  de- 
clining since  it  reached  its  climax  (of  sixty-one  grad- 
uates only)  in  1884. 

'^So  much  for  the  mining  schools.  If  there  is  any 
real  need  for  them  as  separate  institutions,  apparently 
they  are  not  so  organized  as  to  fill  that  need.  It  would 
seem  far  wiser  for  most  if  not  all  of  these  (fifteen) 
schools  to  drop  these  courses  and  separate  degrees 
altogether  under  these  circumstances,  using  the  re- 
leased staff  to  strengthen  their  other  courses.  The 
training  they  give  does  not  seem  to  be  any  special  help 
to  a  man  entering  into  mining  work.  Otherwise  the 
number  of  graduates  would  increase  at  least  as  fast 
as  the  mining  interest,  which  grows  prodigiously. 

*  *  The  mining  engineer  who  graduates  from  the  aver- 
age course  is  at  a  disadvantage,  even  on  his  own  chosen 
ground.  He  is  neither  fish,  flesh,  nor  red  herring.  He 
is  not  so  good  an  engineer  as  those  who  graduate  from 
the  other  engineering  courses  because  he  has  not  been 
so  thoroughly  grounded  in  engineering.  He  is  not  so 
good  a  chemist  as  those  who  graduate  from  a  chemical 
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course  for  the  same  reason.  Other  things  being  equal, 
the  civil  or  mechanical  graduate  will  beat  him  on  his 
own  ground,  while  he  is  not  nearly  so  well  qualified  to 
compete  with  them  on  theirs. 

^  ^  So  at  least  it  appears  to  us.  In  this  and  all  other 
matters  we  speak  with  reservation  and  subject  to  cor- 
rection. In  this  and  all  other  questions  connected  with 
schools  and  colleges  there  is  plenty  of  room  for  legiti- 
mate difference  of  opinion.** 

The  journal 's  reasoning  is  well  summed  up  in  the  fol- 
lowing extracts : 

1.  * '  There  is  and  has  been  for  the  past  twenty  years 
at  least  a  vast  and  rapidly  expanding  field  for  the  em- 
ployment of  engineers  in  mining  work.  .  .  . '  * 

2.  '^  Schools  of  mining  engineering  were  among  the 
earliest  established.  They  antedated  considerably  all 
the  schools  for  mechanical  engineering  and  were  not 
very  far  behind  the  schools  for  civil  engineering.  * ' 

3.  * '  Notwithstanding  these  two  facts  the  demand  for 
the  education  offered  at  schools  of  mining  engineering 
has  of  late  been  steadily  falling  off,  not  at  one  school 
but  at  many  schools;  not  for  one  year  but  for  many 
years. 

*  *  There  is  no  escaping  from  these  three  facts.  This 
bemg  so  the  inference  appears  to  us  to  be  a  perfectly 
natural  and  proper  one  that  a  persistently  diminishing 
supply  could  not  coexist  with  a  persistently  increasing 
demand  unless  the  article  of  mining  engineer  supplied 
was  in  some  way  unsuited  to  the  demand. '  * 

Despite  a  vigorous  and  spirited  defence  of  the  mining 
curriculum  and,  in  general,  the  mining  school,  by  Pro- 
fessor H.  S.  Munroe,  it  is  easy  to  suppose  that  the  dis- 
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interested  reader  must  have  concluded  that  the  jonmal 
had  made  out,  to  say  the  least,  a  very  good  case,  and 
that  he  must  have  looked  to  see  the  American  mining 
schools  go  into  speedy  decline  which  would  soon  ter- 
minate in  death. 

At  the  meeting  of  section  E  of  the  World's  Engi- 
neering Congress  of  1893,  the  papers  presented  to 
which  form  Volume  I.  of  the  proceedings  of  this  So- 
ciety, Professor  S.  B.  Christy,  of  the  University  of  Cal- 
ifornia, in  a  very  interesting  paper,  took  the  position 
that  the  demand  for  mining  graduates,  always  smaller 
than  that  for  graduates  in  other  engineering  lines,  bore 
and  would  continue  to  bear  a  fairly  constant  relation 
to  the  value  of  the  mining  output  and  the  number  of 
persons  employed  in  mining  pursuits  and,  further,  that 
the  output  of  the  mining  schools  was  not  in  unreason- 
able proportion  to  the  nmnber  of  men  who  could  be 
used.  To  meet  the  conditions  then  existing  the  propo- 
sition was  made  that  it  would  be  well  to  limit  the  num- 
ber of  schools  of  mining  engineering  to  the  half  dozen 
strongest  and  best  endowed,  while  the  other  schools  of 
mining,  to  the  number  of  perhaps  a  dozen,  might  give 
an  elementary  course  of  instruction,  both  in  funda- 
mental and  technical  subjects,  designed  to  train  mine 
foremen  and  prepare  the  better  students  to  enter  the 
advanced  mining  engineering  schools.  Evidently  a 
dozen  years  ago  there  was  room  for  doubt  in  many 
minds  of  the  ultimate  success  of  technical  training  when 
especially  aimed  to  fit  men  to  enter  the  mining  field. 
It  will  be  interesting  to  look  briefly  at  what  the  years 
have  brought  forth  and  to  enquire  how  well  events  have 
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justified  the  hopes  or  fears,  the  doubt  or  the  faith,  of 
those  who  were  then  discussing  the  question. 

For  this  purpose  the  writer  has  chosen  to  carry 
forward  some  of  the  comparisons  made  in  Professor 
Christy's  paper,  where  the  yearly  output  of  the  mining 
schools  in  graduates  is  compared  with  various  other 
quantities,  each  indicating  something  of  the  condition 
and  growth  of  the  mining  interest.  Instead  of  attempt- 
ing to  include  complete  data  for  all  of  the  mining 
schools  of  the  country,  the  figures  for  only  six  of  the 
largest  have  been  used.  The  choice  of  this  number 
has  no  reference  whatever  to  the  proposition  in  the 
paper  above  cited  but  these  schools  were  selected  be- 
cause the  data  for  them  happened  to  be  complete  and 
very  easily  accessible.  They  are,  however,  well  estab- 
lished schools,  all  working  under  fairly  settled  condi- 
tions and  it  is  thought  that  they  exhibit  what  are  the 
real  tendencies  in  mining  engineering  training  and  its 
relation  to  the  conditions  in  the  field. 

It  is  well  known  that  general  industrial  conditions 
are  quickly  reflected  in  the  numbers  of  students  regis- 
tered in  courses  of  engineering.  In  no  course  is  this 
more  so  than  in  mining,  both  as  to  extent  of  effect  and 
the  promptness  with  which  it  is  felt.  Hence,  to  make 
a  more  instructive  comparison,  it  has  seemed  desirable 
to  take  account  of  the  enrollment  year  by  year  in  these 
mining  schools  as  well  as  the  numbers  sent  out  as  grad- 
uates. Therefore  the  following  table  has  been  con- 
structed, exhibiting  the  aggregate  yearly  enrollment 
and  the  aggregate  number  of  graduates  each  year  at 
the  six  schools.  While  the  period  really  under  consid- 
eration begins  with  1892  the  table  is  carried  back  to 
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1890  to  enable  tiiose  who  care  for  it  to  get  the  relation 
to  the  data  of  the  articles  mentioned  at  the  outset.    At 


Tmt. 

■m-fo 

'91^'n 

■91--13 

•sa-'m 

■flS-'M 

'«-■» 

'tS-'M 

■M-'OT 

269 
23 

292 
27 

346 
33 

876 
33 

369 
33 

4U 

74 

411 
6« 

63 

Yttx. 

•sn-'te 

'W-W 

'M--ao 

•W--01 

■oi-'oa 

■oa-'w 

■tw-w 

603 

630 
80 

733 
117 

839 

972 

lOM 

that  time  the  enrollment  and  ontput  were  at  a  low  ebb. 
The  data  are  better  exhibited  graphically  as  in  the 
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accompanying  diagram,  in  which  the  ordinates  of  the 
heavy  curve  represent  the  yearly  output  of  graduates, 
while  those  of  the  curve  in  dashes  represent  the  enroll- 
ment for  like  years.  The  scales  are  such  that  in  the 
years  where  the  curves  coincide,  one  tenth  of  the  stu- 
dents enrolled  were  graduated. 

In  view  of  Professor  Christy  *s  suggestion  of  an  en- 
rollment of  about  one  thousand  students  in  his  six 
schools  with  a  yearly  graduating  class  of  two  hundred, 
it  is  interesting  to  note  that  the  schools  here  consid- 
ered with  an  enrollment  for  the  year  1902-3  of  1,094, 
graduated  149  men,  while  from  an  average  enrollment 
of  1,015  for  the  last  four  years,  the  average  output  is 
143.  Considering  all  of  the  circumstances,  the  corre- 
spondence is  close. 

An  inspection  of  the  data  reveals  the  fact  that  the 
ratio  of  graduates  to  enrollment  is  increasing.  The 
average  for  the  first  six  years  of  the  period  considered 
is  twelve  men  out  of  one  hundred,  while  for  the  last  six 
it  is  fourteen  and  one  fifth  men  out  of  one  hundred.  It 
should  be  further  noted  that  on  an  increasing  enroll- 
ment, this  ratio  will  be  too  small  to  truly  indicate  re- 
sults, while  on  a  decreasing  enrollment  the  opposite 
will  hold.  The  correct  ratio  on  which  to  base  deduc- 
tions is  that  between  the  graduates  from  any  class  and 
the  numbers  registered  as  members  of  that  class.  Man- 
ifestly these  data  would  be  quite  difficult  to  obtain. 
The  ratio  here  derived  will,  it  seems,  safely  serve  to 
indicate  the  tendency  for  a  greater  proportion  of  stu- 
dents to  finish  the  course  and  obtain  the  degree. 

This  greater  proportion  might  be  accounted  for  in 
several  ways,  but  the  writer  is  of  the  opinion  that  it  is 


ADDBBSS  BY  THE   PBESIDENT.  21 

due  in  part  at  least  to  the  greater  value  set  upon  the 
diploma  by  those  from  whom  the  graduate  must  get 
employment.  No  employer  can  prove  and  know  all  of 
the  men  he  engages.  He  must  take  a  certain  number 
of  chances.  It  is  gradually  coming  about  that,  other 
things  appearing  equal,  the  man  who  has  completed  a 
course  of  training  with  a  mining  school  of  recognized 
standing  offers  less  of  risk  than  one  whose  training 
has  not  been  carried  so  far.  This  opinion  is  borne  out 
by  the  statements  of  many  such  employers  (both  col- 
lege trained  and  otherwise)  and  also  by  the  testimony 
of  the  increasing  number  of  men  who  leave  well-paid 
positions  to  take  courses  in  mining  engineering,  or  to 
complete  those  already  begun.  These  say  that  the 
graduate  has  a  decided  advantage  in  the  race  for  pref- 
erment. 

More  striking  than  the  growth  in  the  percentage  of 
students  graduated,  even  if  not  more  significant,  is  the 
fact  of  the  enormous  percentage  increase  in  students 
enrolled  as  shown  by  these  figures.  In  the  period  from 
1891  to  1897  the  numbers  were  somewhat  more  than 
doubled,  and  again  in  the  period  from  1897  to  1904  the 
enrollment  is  almost  exactly  doubled ;  facts  which  show 
that  on  the  part  of  students  the  demand  for  the  kind  of 
training  given  by  these  schools  has  certainly  not  de- 
clined of  late,  whatever  may  have  been  the  temporary 
conditions  in  the  later  eighties.  It  would  be  of  interest 
to  enquire  into  the  causes  accountable  for  the  apparent 
falling  off  in  demand  at  that  time  but,  however  inter- 
esting, such  quest  for  the  present  must  be  postponed 
along  with  others  which  the  curves  invite. 

The  questions  as  raised  in  1892  and  1893  related  not 
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only  to  the  demand  on  the  part  of  students  for  the  edu- 
cation offered,  but  to  the  demand  from  the  field  for  the 
product  of  the  school  as  shown  by  the  relation  of  output 
to  the  growth  of  the  mineral  industry.  If  now  there  be 
drawn  in  this  same  diagram,  a  curve  whose  ordinates 
represent  the  value  of  the  mineral  product  of  the  coun- 
try in  millions  of  dollars,  the  dotted  line  is  obtained. 
Its  correspondence  with  the  curve  of  graduates  is  not 
only  probably  unexpected,  but  it  is  most  striking.  At 
first  thought  the  correspondence  might  appear  fortui- 
tous. However  it  covers  too  many  years  to  be  acci- 
dental. If  the  growth  of  the  value  of  the  mineral 
product  of  the  country  represents  fairly  the  growth  of 
the  mineral  interest,  and  we  commonly  accept  such  to 
be  the  case,  the  close  agreement  of  the  curves  would 
seem  to  clearly  indicate  that  the  output  of  mining  grad- 
uates keeps  very  satisfactory  pace  with  the  growth  of 
the  industry  to  which  they  are  destined.  In  other 
words,  that  the  number  of  graduates  does  ^'increase  at 
least  as  fast  as  the  mining  interest ' '  in  spite  of  the  fact 
that  the  latter  * '  grows  prodigiously. ' ' 

But  if  the  schools  are  really  turning  out  a  fairly 
satisfactory  ^'article  of  mining  engineer, *'  it  would  ap- 
pear that  work  formerly  in  the  hands  of  unschooled  men 
would  to  some  extent  at  least  pass  to  those  with  college 
training  and  that,  therefore,  the  number  of  graduates 
ought  to  increase  somewhat  faster  than  the  value  of  the 
mining  product.  A  closer  inspection  of  the  figures 
shows  that  with  the  six  schools  under  consideration  this 
is  really  the  case.  The  numbers  for  a  single  year  are 
of  little  value,  but  if  we  divide  the  twelve  years  avail- 
able for  comparison  into  three  periods  of  four  years 
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eachy  we  shall  find  that  these  schools  graduated  for  the 
first  of  these  periods  one  man  to  (roughly)  13.6  millions 
of  product;  in  the  second  period,  one  to  10.2  millions, 
and  for  the  last  fonr-year  period,  one  to  9.4  millions 
of  the  total  mineral  product.  The  persistence  of  this 
gain  seems  significant. 

But  if  it  is  true,  as  supposed,  that  the  mining  school 
product  is  gradually  taking  the  place  of  the  so-called 
practical  man,  this  should  appear  as  well  in  the  ratio 
of  graduates  turned  out  to  the  number  of  persons  en- 
gaged in  the  mining  industry.  Previous  to  the  census 
of  1900  it  is  not  easy  to  get  definite  figures  as  to  the 
total  number  of  persons  employed  in  mining  pursuits, 
and,  rather  than  make  or  take  estimates  of  this  total, 
the  decision  was  made  to  take  the  number  of  wage 
earners  employed  in  mining  as  given  by  the  U.  S.  census 
for  the  basis  of  this  comparison.  This  number  at  least 
seems  to  have  been  definitely  determined  and  it  will 
perhaps  be  accepted  as  fairly  representing  the  condi- 
tion of  the  mining  industry  with  reference  to  numbers 
employed.  It  is  of  course  not  to  be  supposed  that  the 
number  engaged  in  engineering  and  superintendence 
bears  a  constant  ratio  to  that  of  the  wage  earners.  The 
modem  plan  of  consolidation,  where  possible,  tends  to 
reduce  this  ratio,  while  the  extension  of  exploration 
work  and  the  opening  of  new  properties  tend  to  increase 
it.  Yet  such  variations  may  be  neglected  where,  as  in 
the  case  in  hand,  great  accuracy  is  not  required. 

The  number  of  wage  earners  in  mining  was  taken 
from  the  tenth,  eleventh  and  twelfth  census  for  the 
respective  years.  The  number  for  the  current  year 
was  estimated  by  considering  the  rates  of  increase  for 
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the  two  decades  between  1880  and  1900.    In  hnndred 
thoosands  these  are  as  follows : 

1880 249 

1890 387 

1900 588 

1905  722  (estimated). 

Joining  the  points  determined  by  means  of  these 
nnmbersy  there  is  obtained  the  line  marked  ^'wage 
earners,'^  which  we  choose  to  take  as  approximately 
showing  the  increase  in  nnmbers  of  mining  people. 

The  divergence  of  the  other  three  curves  from  this 
line  is  striking.  If  the  evidence  here  presented  is  to 
be  accepted  we  may  conclude  that  both  the  enrollment 
in  our  mining  schools  and  their  output  of  graduates 
shows  a  steady  and  marked  increase  as  compared  with 
the  number  of  persons  engaged  in  the  mining  industry.* 

It  is  fair  to  conclude  then  that  judged  to-day  on  the 
same  basis  and  by  the  same  reasoning  as  that  on  which 
in  the  early  nineties  it  was  proposed  to  condemn  them, 
the  American  mining  schools,  to  quote  again  the  opti- 
mistic Richards,  *  *  have  amply  proved  the  necessity  for 
their  existence. ' ' 

The  most  enthusiastic  friend  of  any  one  of  these 
schools,  if  at  all  familiar  with  its  work,  will  hardly 
claim  that  it  has  succeeded  in  completely  solving  the 
problems  that  are  presented  to  it  and  has  attained  either 
the  ideal  curriculum  or  methods  for  training  a  mining 
engineer.  Far  less  likely  will  this  claim  be  made  by 
anyone  belonging  to  the  school  and  engaged  in  the  effort 


• 


Attention  might  be  drawn  to  the  increase  in  value  of  output  per 
wage  earner  employed  as  shown  in  the  diagram.  This  fact  is  of  course 
well  known  from  other  sources. 
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to  preserve  some  semblance  of  relation  between  its 
resources  and  its  needs,  and  between  its  ideals  and  its 
attainments.  But  whatever  may  be  the  defects  in  indi- 
vidual schools,  whether  in  curricula  or  the  more  impor- 
tant methods  of  instruction,  the  American  mining 
schools  are  meeting  a  real  need,  and,  if  we  may  accept 
what  appears  to  be  the  verdict  of  the  mining  world,  by 
whose  judgment  their  work  must  stand  or  fall,  they 
meet  the  need  in  a  fairly  acceptable  way. 


SOME  HINTS  ON  TEACHING  MATHEMATICS  TO 

ENGINEERING   STUDENTS. 

BY   FLORIAN   CAJORI» 

Professor  of  Mathematics  and  Dean  of  the  School  of  Engineering, 

Colorado  College. 

The  tendency  of  the  present  time  is  to  arithmetize 
mathematics.  The  earlier  explanation  of  irrational 
numbers,  like  that  of  fractions,  involved  the  idea  of 
measurement.  Formerly  an  irrational  number  was 
defined  as  the  expression  of  the  incommensurable  ratio 
of  two  geometrical  quantities— that  is,  as  the  ratio  be- 
tween the  quantities  which  have  no  common  measure. 
But  this  mode  of  treatment  involves  certain  logical 
difficulties  which  G.  Cantor,  K.  Weierstrass  and  others 
have  endeavored  to  remove  by  treating  irrational  num- 
ber in  a  manner  free  of  ratio  and  measurement,  and  of 
all  geometrical  considerations.  The  pupil  is  warned 
to  take  no  notice  of  geometric  figures  or  diagrams. 
Among  them,  if  geometry  is  studied,  **  geometry  with- 
out diagrams  is  the  order  of  the  day. '  * 

The  question  naturally  arises  whether  in  the  training 
of  engineers  the  teacher  should  endeavor  to  follow  in 
the  footsteps  of  the  modem  logicians  of  mathematics. 
Should  he  aim  at  extreme  mathematical  rigor  t  Prob- 
ably the  majority  of  teachers  agree  that  this  should  not 
be  the  case,  that  it  is  well,  as  a  rule,  to  lead  beginners 
along  the  same  road  that  the  race  has  taken  in  the  ac- 
quirement of  knowledge.  In  the  historical  development 
of  mathematics  the  naive  treatment  has  invariably  pre- 
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ceded  the  more  strictly  logical.  Geometrical  intuition 
has  antedated  strict  logic.  The  geometrization  of 
mathematics  has  come  earlier  than  the  arithmetization 
of  mathematics. 

The  introduction  to  a  science  should  be  concrete  in 
form.  Too  many  refinements  should  not  be  attempted. 
No  teacher  need  worry  over  the  fact  that  his  pupils 
believe  all  curves  to  have  tangents.  Not  only  is  the 
use  of  visible  figures  desirable,  but  students  should  be 
required  to  draw  a  great  many  diagrams.  The  teacher 
should  insist  upon  the  maintenance  of  intimate  relations 
between  geometry,  graphics  and  analysis. 

If  this  be  the  correct  attitude,  then  the  methods  of 
exposition  of  the  fundamental  principles  of  the  calcu- 
lus, advocated  by  the  noted  German  mathematician, 
Alfred  Pringsheim,  and  by  others,  can  hardly  be  adopted 
for  elementary  instruction.  Says  Pringsheim:  **That 
the  older  method,  based  upon  geometric  evidence,  of 
introducing  the  irrational,  as  well  as  of  the  closely  re- 
lated concepts  of  limits  and  continuity,  do  not  appear 
valid,  and  that  the  arithmetical  theories  of  the  irrational 
mark  in  the  direction  indicated  a  substantial  advance- 
ment and  indeed  are  well  adapted,  according  to  modem 
views,  to  supply  a  good  foundation  for  the  logical  devel- 
opment of  analysis,  is  recognized  by  the  large  majority 
of  scientific  mathematicians."  Pringsheim 's  article, 
from  which  this  quotation  is  taken,  contains  a  plea  for 
the  introduction  of  the  modem  theories  of  the  irra- 
tional into  elementary  lectures  on  the  calculus.  This 
plan  appears  to  us  of  doubtftd  expediency  in  teaching 
any  class  of  beginners  and  especially  one  of  engineer- 
ing students.    The  ideas  are  too  difficult  and  arid.    But 
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recent  theories  of  the  irrational  are  not  the  only  modem 
devices  to  be  avoided.  Embodied  in  some  text-books 
which  are  used  in  a  few  of  our  engineering  schools  are 
the  c-definition  of  a  limit  and  a  considerable  use  of 
e-proofs.  These  should  be  avoided  in  introductory 
courses  as  too  abstract  and  hazy.  To  beginners  of  the 
calculus  perceptual  intuition  should  be  made  a  great 
help  in  grasping  fundamental  ideas.  Instead  of  making 
microscopic  examinations  of  fine  points  in  logic,  the 
pupil  should  be  given  much  exercise  in  working  prob- 
lems in  geometry  and  mechanics.  He  should  become 
infused  by  the  consciousness  of  a  new  power  for  work- 
ing problems  which  previously  were  beyond  his  reach. 
If  possible,  he  should  acquire  something  of  the  enthu- 
siasm which  the  seventeenth  and  eighteenth  century 
mathematicians  displayed  in  solving  problems  which 
were  published  as  challenges  to  feel  the  pulse  of  their 
rivals. 

One  important  result  of  intuition  is  the  infinitesimal 
right  triangle  which  was  introduced  by  Isaac  Barrow, 
the  teacher  of  Isaac  Newton.  This  triangle  not  only 
gives  the  pupil  at  once  the  fundamental  relation 
ds^  =  dx^  -f  dy^j  but  gives  him  also  dy/dx  as  the  slope 
of  the  tangent  at  the  point  x,  y  of  the  curve.  In  the 
treatment  of  tangents  there  appears  to  be  room  for 
reform  in  our  courses  of  study.  Tangent  lines  are 
usually  found  in  the  calculus  by  the  differential  method 
and  in  analytical  geometry  by  the  secant  method.  This 
use  of  two  methods  is  time-killing.  Nor  is  the  secant 
method  always  readily  understood  or  easily  applied. 
Why  not  use  the  differential  method  throughout !  Let 
the  pupil  learn  the  differentiation  of  algebraic  integral 
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polynomials  while  he  is  studying  algebra ;  let  him  apply 
the  process  in  the  discussion  of  equal  roots  of  equa- 
tions; then  let  him  use  differentiation  in  finding  the 
slope  of  tangent  lines  not  only  in  the  calculus,  but  also 
in  analytical  geometry.  This  mode  of  procedure  will 
bring  analytical  geometry  and  calculus  closer  together. 
It  will  save  much  time  and  will  remove  a  source  of  per- 
plexity to  many  students. 

In  the  computations  that  the  engineer  carries  out, 
absolute  accuracy  is  not  needed,  nor  is  it  possible.  The 
data  from  which  he  starts  are  experimental  and,  there- 
fore, are  only  approximations  to  the  truth.  Yet  the 
engineer  should  know  about  how  close  or  how  remote 
he  is  from  the  actual  facts.  If  the  measurements  of 
the  length  of  a  base  line  are  505.09,505.35,505.15,505.42, 
an  untrained  student,  after  obtaining  the  mean  value 
505.2525,  may  imagine  that  his  accuracy  reaches  to  the 
fourth  decimal.  The  student  may  compute  accurately, 
but  that  is  not  sufficient.  He  should  be  made  to  effect 
his  solution,  if  i)ossible,  within  certain  prescribed  de- 
grees of  approximation ;  he  should  be  required  to  ascer- 
tain what  the  precision  of  the  final  results  will  be,  when 
he  knows  how  precise  the  component  measurements  are. 

Discussion. 

Pbofessob  Oeobge  F.  Swain  :  I  have  nothing  in  par- 
ticular to  say  in  regard  to  the  points  which  have  been 
mentioned  in  this  paper,  but  there  is  one  other  matter 
which  has  occurred  to  me,  and  in  regard  to  which  I 
would  like  to  have  an  expression  of  opinion  from  those 
present,  and  that  is  in  regard  to  the  desirability  of 
teaching  differential  calculus   and  integral   calculus 


30  HINTS  ON   TEACHING  MATHEMATICS. 

togetlier.  In  most  schools  differential  calculus  is 
taught  first  and  before  the  integral  calculus  is  taken 
up,  while  in  a  few  at  least  the  two  subjects  are  taught 
together.  It  would  seem  to  me  it  would  be  better  to 
teach  them  together  so  that  the  students  could  see  the 
relation  between  differentiation  and  integration  and 
be  prepared  to  use  integration  earlier  than  if  taught 
hj  the  other  method.  I  would  like  some  expression  of 
opinion  from  some  of  the  members  in  regard  to  this 
point. 

Dean  Fbederick  E.  Tubneaure  :  Engineering  mathe- 
matics at  the  University  of  Wisconsin  is  in  charge  of 
a  professor  who  has  a  thorough  appreciation  of  engi- 
neering problems  and  he  has  come  to  the  conclusion 
it  is  desirable  to  teach  the  two  subjects  at  the  same 
time;  and,  further,  he  finds  it  desirable  to  bring  in  a 
good  deal  of  analytical  geometry. 

Pbofessob  Abthub  N.  Talbot:  Is  the  time  given  to 
the  subject  the  same  as  ordinarily  given  to  the  differ- 
ential calculus  t 

Dean  Tubneaube:  The  same  amount  as  formerly  is 
given  to  it. 

Pbesident  Chables  S.  Howe:  While  the  subjects 
are  taught  together  we  also  separate  them.  I  think 
the  students  have  had  a  better  idea  of  the  subjects 
where  we  have  used  both  methods  together,  and  I  think 
that  the  student  likes  the  calculus  better  by  that  method, 
or  at  least  has  a  better  idea  of  calculus.  He  devotes 
himself  entirely  to  the  differential  calculus  for  a  cer- 
tain length  of  time  and  then  takes  up  the  integral  cal- 
culus, using  what  he  has  done  in  the  differential.  In 
the  end  he  does  have  a  thorough  knowledge,  but  he  is 
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in  doubt  for  a  long  time  as  to  the  meaning  of  a  great 
many  things  and  the  uses  that  he  is  to  make  of  them 
when  the  two  parts  are  taken  up  separately. 

Pbofessob  Clabence  a.  Waldo  :  We  have  had  consid- 
erable experience  along  these  lines  and  have  settled 
down  at  present  to  this  method  of  procedure:  During 
the  freshman  year,  in  the  subject  of  college  algebra,  we 
bring  out  as  clearly  as  we  can  the  meaning  of  the  dif- 
ferential calculus  so  far  as  the  infinitesimal  rating  of 
the  triangle  is  concerned  as  spoken  of  by  Professor 
Cajori.  That  gives  a  basis  for  the  analytical  geometry, 
so  we  are  not  compelled  to  use  the  secant  method  there 
but  can  use  the  calculus  method  at  once  in  our  analytical 
geometry.  So,  therefore,  we  keep  the  calculus  before 
our  students,  so  far  as  its  simple  ideas  are  concerned, 
right  from  the  beginning,  until  we  take  up  calculus 
itself  as  a  formal  subject.  We  do  that  the  second  se- 
mester of  the  sophomore  year,  and  a  thing  we  have  in 
mind  when  we  take  that  up  is  that  our  calculus  is  to  be 
used  in  the  first  semester  of  the  junior  year,  especially 
for  theoretical  mechanics.  So  in  that  second  semester 
we  go  over  completely  a  first  course  in  calculus.  In 
starting  in  upon  that  it  is  my  custom,  and  I  think  it  is 
the  custom  of  my  colleagues  largely,  to  begin  at  once 
with  a  sort  of  lecture  upon  the  scope  of  the  calculus 
showing  its  method  of  operation  in  differentiation  and 
what  it  will  lead  to  in  integration,  etc.,  giving  them 
right  at  the  beginning  some  concrete  examples  which 
enable  them  to  understand  what  it  is  and  what  the 
thing  is  good  for  to  begin  with.  In  that  way  we  are 
not  compelled  to  mix  up  the  differential  and  integral 
calculus  too  much.    I  think  if  that  is  done  constantly 
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there  is  a  feeling  in  the  student's  mind  of  a  lack  of 
system  and  completeness  of  the  work.  If  the  man  sees 
clearly  first  what  he  can  do  with  his  differentiation  and 
his  attention  is  being  called  all  the  time  to  the  fact  that 
there  is  the  reverse  of  that  to  be  taken  care  of^  then 
this  first  course  is  taken  rapidly  with  many  of  the  diffi- 
cult parts  omitted  in  order  that  the  essentials  of  the 
subject  shall  be  completed.  I  think  the  student  in  that 
way  gets  a  firm  grasp  of  the  fundamentals  of  the  cal- 
culus so  he  can  use  them  easier. 

Then^  we  take  up  the  second  course,  going  over  the 
whole  subject  again,  starting  in  the  junior  year,  taking 
it  all  through  the  junior  year,  introducing  lecture  and 
problem  work  and  running  the  higher  work  along  three 
nearly  parallel  lines,  having  in  mind  the  application 
of  analysis  to  three  different  classes  of  questions,  those 
that  arise  in  civil,  mechanical  and  electrical  engi- 
neering. In  that  way  we  hope  to  give  our  boys  before 
they  get  through  with  it  some  real  knowledge  and  expe- 
rience of  the  value  of  the  calculus  in  their  work. 

Pbofessob  Edgab  Mabbubg  :  Recently  the  speaker  had 
occasion  to  examine  the  curricula  of  a  number  of  engi- 
neering schools,  especially  with  a  view  to  the  time 
devoted  to  pure  mathematics.  That  inquiry  seemed  to 
show  a  growing  tendency  to  complete  the  teaching  of 
mathematics  at  as  early  a  period  in  the  course  as  possi- 
ble ;  doubtless  in  order  to  make  more  time  available  for 
the  more  advanced  technical  subjects  in  which  a  knowl- 
edge of  calculus  is  indispensable.  At  the  University  of 
Pennsylvania  the  engineering  students  now  complete 
calculus  by  the  end  of  the  sophomore  year. 

The  speaker  thinks  it  very  important  that  the  teach- 
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ing  of  mathematics^  especially  calculus,  to  engineering 
students  should  be  in  the  hands  of  engineers,  or  men 
who  have  had  at  least  an  engineering  training,  so  that 
wherever  possible  the  problem  work  may  be  given  a 
proper  trend  in  the  direction  of  engineering.  This 
would  serve  not  only  to  stimulate  the  interest  of  the 
students,  but  would  give  them  valuable  training  along 
right  lines.  The  teaching  of  mathematics  to  prospec- 
tive engineers  should  not  be  conducted  from  the  pure- 
science  standpoint.  It  is  encouraging  to  note  that  a 
number  of  text-books  in  mathematics  have  been  written 
within  recent  years  especially  with  an  eye  to  the  needs 
of  engineering  students.  There  would  seem  to  be  ample 
room  for  more  and  better  books  of  that  nature. 
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WORK  IN  LARGE  CLASSES. 

FIRST   PAPEB. 

BY   EDWARD   R.   BfAURER, 
Professor  of  Mechmnics,  University  of  Wisconsin. 

I  have  assumed  that  the  object  of  this  symposium  is 
preeminently  pedagogical— to  secure  an  exchange  of 
information  on  our  practices  in  a  certain  line  of  teach- 
ing work.  Instead  of  describing  different  schemes  that 
I  use  in  the  conduct  of  problem  work,  I  shall  limit 
myself  to  one,  explaining  it  in  detail.  It  may  be  called 
a  card  system  for  assigning  problems  in  written  quizzes. 

I  have  used  such  a  system  only  during  the  past  half 
year.  By  the  end  of  the  year,  the  card  collection  will 
include  at  least  one  problem  on  each  important  subject 
in  the  ordinary  engineering  course  in  mechanics,  thus 
one  each  on  composition  of  forces,  center  of  gravity, 
bending  moment  and  shear,  stresses  in  a  simple  truss, 
moment  of  inertia,  friction,  etc.  These  problems  are 
numbered  consecutively  in  the  order  in  which  they  are 
gotten  out,  and  not  with  reference  to  their  occurrence 
in  the  course.  In  the  next  year,  a  second  set  of  prob- 
lems will  doubtless  be  gotten  out,  so  that  no  problem 
shall  be  used  in  consecutive  years.  The  numbering 
of  this  second  series  will  begin  where  that  of  the 
first  ends. 

Each  problem  is  prepared  in  four  forms,  differing 
in  data  or  in  requirement  but  all  involving  the  same 
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principles.  The  forms  are  distinguished  by  the  letters 
a,  h,  c  and  d,  thus  la,  1&,  Ic,  Id,  2a,  2b,  2c,  2d,  etc.  All 
a  forms  are  printed  on  white  cards,  b  on  blue,  c  on  yel- 
low and  d  on  buff,  colors  being  used  to  facilitate  identi- 
fication of  the  form  of  problem  on  any  given  card. 

The  problems  are  printed  on  3  X  5  cards  for  the  use 
of  students  and  on  10  X  12  sheets  for  the  use  of  instruc- 
tors. Each  card  bears  one  form  of  a  problem,  while 
each  sheet  bears  the  four  forms  of  one  problem  and 
their  solutions. 

To  explain  the  use  of  the  problem  cards  and  the 
solution  sheets,  let  me  suppose  that  the  class  has  been 
studying  a  subject  for  some  time,  and  is  nearly  ready 
for  a  written  quiz  on  it.  The  instructors  prepare  for 
the  quiz  together  as  follows:  First  each  form  of  the 
quiz  problem  is  worked  out  by  at  least  two  instructors, 
the  time  required  is  noted,  and  the  solutions  are  checked. 
The  average  time  multiplied  by  a  suitable  factor  of 
safety  is  fixed  as  the  time  allowance  for  the  quiz. 
Then  each  instructor  copies  on  a  solution  sheet  as  much 
of  the  solutions  just  made  as  will  be  useful  to  him  in 
correcting  the  quiz  papers.  (I  am  now  assuming  that 
the  problem  is  being  used  for  the  first  time.  For  the 
second  time,  the  solution  sheets  are  all  ready,  and  the 
proper  time  allowance  for  the  quiz  is  known  from  the 
first  use.)  Next  the  problem  cards  are  arranged  in  a 
certain  way.  Thus  it  being  problem  7,  say,  7a  and  76 
are  placed  alternating  into  one  pile,  likewise  7c  and  7d. 
Then  each  instructor  takes  his  solution  sheet  and  enough 
of  the  cards  {a,b,c  and  d)  to  gq  around  his  section  of 
the  class. 

On  the  day  appointed  for  the  quiz,  the  instructor 
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begins  a  recitation  as  usual  and  conducts  it  until  the 
time  for  the  quiz  arrives.  Then  the  recitation  is 
promptly  stopped,  ^^next  lesson''  is  assigned,  the  quiz 
is  announced  and  a  problem  card  is  given  each  student. 
Cards  7a  and  7b  are  distributed  to  students  in  the  old- 
numbered  rows  of  seats,  and  7c  and  7d  to  those  in  the 
even,  and  so  that  7a  and  7b  alternate  in  the  rows,  like- 
wise 7c  and  7d.  Near  the  close  of  the  quiz,  the  instruc- 
tor stations  himself  at  the  door  of  the  recitation  room 
and  collects  the  problem  cards  as  the  students  pass 
out.  This  insures  collection  of  all  the  cards,  a  neces- 
sity to  preserve  the  full  value  of  the  system. 

At  WisconsiQ,  all  sections  of  the  mechanics  class  do 
not  meet  at  the  same  hour  but  always  within  two  con- 
secutive hours ;  therefore,  it  has  been  practicable  to  use 
the  same  problem  for  all  sections,  the  short  intermis- 
sion affording  insufficient  time  for  consultation  between 
students. 

As  before  stated,  I  have  used  this  system  only  one 
semester.  In  that  limited  experience  I  have  noted  but 
one  objection  (not  serious)  and  more  merits  than  I 
anticipated.  The  objection  lies  in  the  occasional  neces- 
sity of  stopping  a  recitation  for  the  quiz  in  the  midst 
of  an  important  discussion,  but  this  can  be  avoided 
usually  by  careful  management  on  the  part  of  the  in- 
structor. 

The  following  advantages  of  the  system  may  be  men- 
tioned :  The  problems  cards  are  of  permanent  value,  as 
each  problem  may  be  safely  used  at  least  once  in  two 
years.  Once  prepared,  each  problem  is  ready  for  in- 
stant use.  (I  regard  my  collection  just  as  useful  as  any 
good  laboratory  equipment)     The  system  is  a  great 
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time-saver  for  it  economizes  much  time  for  instructors 
inasmuch  as  they  are  furnished  quiz  problems  already 
for  use  and  solutions,  too,  once  the  collection  is  stocked, 
and  it  economizes  time  for  tiiie  student  in  the  class-room, 
for  the  quizzes  can  be  started  very  quickly.  Then,  too, 
his  work  is  facilitated  by  his  having  the  problem  imme- 
diately before  him  and  better  stated  than  a  blackboard 
problem  is  apt  to  be.  Last,  and  very  important,  the 
system  furnishes  the  occasion  for  frequent  meetings 
of  the  instructors  of  the  department  for  profitable  and 
fruitful  discussions  of  their  own  teaching  and  the  work 
of  their  students  as  disclosed  by  the  examination  of  the 
quiz  papers. 
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SECOND  PAPEB. 

BY    CLABENCE   A.   WALDO, 
Professor  of  Mathematics,  Purdue  University. 

It  is  the  purpose  of  this  paper  to  speak  briefly  of 
problem  work  in  large  mathematical  classes  and  to  ex- 
hibit samples  of  a  collection  of  problems. 

To  stimulate  the  student  to  do  his  severest  work,  to 
set  him  thinking  upon  some  combination  of  affairs 
which  taxes  skill  and  strength  to  their  utmost,  but 
which  at  the  same  time  is  fairly  within  his  powers,  this 
is  the  instructor's  problem.  At  the  same  time  that 
something  should  be  a  link  in  a  chain  connecting  a  man 
in  a  rational  way  with  the  purposes  of  his  education. 
It  is  a  well-recognized  principle  in  sound  class-room 
work  that  at  every  class-room  hour  there  should  be  com- 
plete mental  contact  between  student  and  teacher,  a 
contact  which  reveals  the  true  mental  status  of  the 
pupil,  at  least  in  its  relation  to  the  lesson  material. 

The  accomplishment  of  such  contact  places  certain 
limitations  upon  the  organization  of  class-room  work 
and  one  of  tiiiese  is  found  in  the  number  of  pupils  in  one 
class.  Too  few  students  in  a  class  tend  to  make  the 
teacher  lazy;  too  many  make  him  superficial.  Unless 
endued  with  extraordinary  ability  the  teacher  will  find 
twenty-five  near  the  maximum  number  of  students  that 
can  be  properly  handled  in  any  one  class— this,  at  least, 
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seems  to  be  the  conclusion  of  good  teachers— and  such 
a  class  is  large. 

In  the  hour  and  a  half  or  two  hours  spent- at  the  home 
in  preparation,  what  work  has  been  done  and  howt 
This  the  teacher  must  know  if  he  is  to  deal  with  his  stu- 
dents as  individuals.  But  howt  Perhaps  the  most 
common  method  of  the  diligent  teacher  is  to  insist  upon 
the  student's  handing  in  on  paper  a  certain  number  of 
selected  and  carefully  solved  representative  problems. 
It  is  certain  that  this  method  frequently  leads  to  excel- 
lent results.  But  if  the  purpose  of  the  written  work  is 
to  insure  originality  it  is  a  failure.  If  the  student  tries 
to  shirk  and  deceive  it  is  an  easy  matter  for  him  to  copy 
from  others.  Ejiowing  this  to  be  true,  is  it  necessary, 
is  it  even  wise,  for  an  instructor  to  burden  himself  with 
such  a  vast  amount  of  critical  reading  as  this  method 
when  well  done  of  necessity  implies?  Is  it  not  often 
and  largely  a  waste  of  energy— a  useless  and  unappre- 
ciated piece  of  drudgery? 

A  second  method  in  frequent  use  for  ascertaining  the 
amount  and  kind  of  preparation  is  to  pick  problems  at 
random  from  work  assigned  for  the  student  to  do  at  the 
board.  In  small  classes  of  five  to  ten,  good  results  may 
be  reached  in  this  way,  but  in  classes  from  twenty  to 
thirty  the  lazy,  indifferent  or  bashful  student  may  for 
weeks  escape  wholesome  criticism  and  admonition. 

In  our  technical  schools  which  are  increasing  so  rap- 
idly in  numbers,  the  provision  for  instruction  does  not 
keep  pace  with  growth.  Congested  classes  are  the  re- 
sult, thorough  individual  examination  impossible.  Why 
not  put  students  at  once  on  their  honor  t  At  the  open- 
ing of  every  lesson  period  ask  every  student  directly 
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oonceming  work  done  and  record  his  answer  or  ask 
him  to  report  on  a  blank  furnished  for  that  purpose. 
After  such  inquiry  you  are  justified  in  assuming  that 
the  students  have  told  you  the  truth  and  have  a  right  to 
modify  the  work  planned  for  the  hour  according  to 
reports  received.  Students  will  sometimes  make  false 
claims,  but  the  alert  teacher  will  soon  discover  that  fact 
and  prevaricators  may  be  easily  made  to  see  that  hon- 
esty is  the  best  policy.  But  the  instructor  with  a  flex- 
ible program  will  know  how  to  divide  his  time  in  expla- 
nation, in  development  and  in  criticism.  Certain  mem- 
bers of  the  class  are  kept  at  their  seats  and  given  such 
council  and  assistance  as  they  need  singly  or  together 
while  the  better  students  are  honored  and  stimulated 
with  fascinating  original  work. 

One  of  the  easy,  obvious  ways  of  conducting  a  math- 
ematical recitation  is  to  send  students  to  the  board  for 
the  hour  to  work  problems  proposed  in  the  text,  and  it 
is  a  way  too  often  used  to  kill  time.  Three  good  rea- 
sons may  be  given  for  giving  problems  at  the  board 
from  the  exercises  in  the  day's  assignment  and  it  would 
be  difficult  to  enlarge  the  number : 

1.  If  the  student  has  orally  claimed  at  the  beginning 
of  the  hour  that  he  has  actually  solved  certain  exercises, 
he  should  occasionally  be  called  upon  to  verify  his 
report. 

2.  The  instructor  should  make  sure  that  a  student  is 
grasping  and  using  the  simplest  and  best  method  of 
solution.  For  this  purpose  the  whole  class  can  be  profi- 
tably engaged  at  times  upon  the  same  problem  or  upon 
two  problems  so  that  those  standing  next  to  each  other 
will  not  be  doing  just  the  same  work. 
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3.  The  instructor  may  use  his  brighter  students  to 
help  him  get  before  the  class  work  which  the  others 
have  failed  to  accomplish. 

In  general  it  will  probably  be  agreed  that  with  the 
exception  noted  the  problems  for  individual  class  in- 
struction should  not  be  those  assigned  for  preliminary 
practice,  but  should  be  no  more  difficult.  They  should 
be  chosen  with  the  purpose  in  view  of  amplification,  ap- 
plication,  review  and  unification.  In  other  words,  at 
least  the  following  ideas  should  be  present  in  the  selec- 
tions made:  they  should  extend  the  work  of  the  text, 
should  apply  the  principles  involved,  if  possible,  to 
definite  physical  problems,  should  review,  clarify  and 
fix  portions  already  gone  over  and  should  connect  the 
matter  in  hand  with  the  material  that  has  preceded  it 
with  the  purpose  of  making  the  subject  a  logical  unit. 
For  such  work  there  are  at  least  four  common  sources : 

1.  The  exercises  at  the  board  may  be  taken  from 
those  in  the  text  that  were  not  assigned  for  preparation 
or  beyond  those  assigned. 

2.  They  may  be  carefully  chosen  from  other  texts. 

3.  They  may  be  invented  off  hand  as  the  occasion 
may  require. 

4.  They  may  be  taken  from  a  live,  growing  and  clas- 
sified private  collection. 

The  first  three  methods,  if  used  with  discretion,  are 
effective  but  are  not  sufficient  in  making  a  proper  prep- 
aration at  all  times  for  class-room  instruction,  interest 
and  stimulation. 

There  can  be  little  dissent  from  the  proposition  that  a 
private  collection  of  well  chosen  or  carefully  invented, 
thoroughly  classified  problems  for  the  blackboard  and 
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for  written  tests  is  as  important  for  the  successful 
mathematical  instructor  as  are  stuffed  bird  skins  for 
the  ornithologist.  He  should  be  as  alert  in  seeing,  re- 
cording and  arranging  his  material  as  the  entomologist 
in  noting,  capturing  and  classifying  insects  new  to  sci- 
ence. They  should  come  from  every  possible  source, 
but  especially  from  conversation  with  his  wide-awake 
professional  colleagues.  For  recording  problems, 
grouping  them  and  making  them  instantly  available  a 
card  catalogue  with  a  problem  to  a  card  is  probably  the 
best  that  can  be  done.  There  will  then  be  at  hand  a 
growing  and  improving  collection  of  problems  to  clinch 
principles  and  to  illustrate  them  in  a  concrete  way. 
Fully  as  important  for  class-room  work  will  be  the  reflex 
action  upon  the  instructor  himself.  His  will  then  be 
the  open,  the  observing,  the  alert  mind,  fresh  and  juicy. 
No  drying  up  and  fossilizing  there.  The  student  will 
feel  that  it  is  an  honor  to  be  entrusted  with  a  card  prob- 
lem, that  a  solution  within  the  hour  is  a  distinct  vic- 
tory usually  demonstrating  satisfactory  mastery  of 
principle  and  showing  commendable  progress. 

In  connection  with  this  paper  I  am  exhibiting  a  few 
cards  taken  from  the  collection  of  Professor  A.  M. 
Kenyon,  of  Purdue  University. 

The  following  may  be  taken  as  samples  of  these. 
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1.  Relates  to  Wallis  's  Coneo-Cnneus  or  the  Ship  Car- 
penter's  Wedge. 


6hfp  Carpenter  h  Medgre^ 
fJ/iptic  Conoid. 


^emhcffarnxofdase  a^b; 


Attitude  h. 


bh 


Ana  of/segthnAdC^^ 

^jeitabh, 
aU.buB^h*e,V^32ir, 
am6,b^h^t2,  VnfOen, 
a*8,b»6th'4,  ^»  S€k. 

CircU/otr  Base, 
r^7,hmlO,V*i45K. 
rm4.hmd.V*647r. 


\  \      11 

r 

\ 

1  / 

\ 

\ 

</ 

\  1 

\ 

1  / 

\ 

V 

/  1 

^^iT 

/o 

/^ 

/• —  ^~?*"*'/ 


V 


C 


Wume3  (3fuefenfi  carta  J  / 

ty  ^ip^  Carpenferh  Mafge^ 

In^rorfion.  f/J/pF^  Conoid. 

Smu-^littm^of base  a^b ; 

MHtve^h. 

fUqutr9et9ar9a€ff  section  ABC. 

"      J^ameefDvecfqe. 
f^wredt¥ofume  h^s^vo, 
la^^^b^tphmS , 

ZamS»bm3,h»/a. 
Xa*0,bnBf/}m4. 
4.a*7tb^7^hmiO.  y 

5,am.4^tm4^hma, 


■—    \  ' 

\  1 

\ 

<  1 

\ 

i 

^^cic 

u 

I — - 
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2.  Relates  to  rates  as  illnstrated  by  the  hands  of  a 
clock. 


) 


Clock  Problem. 

The  hands  of  a  c/ocM  are  6  in.  and  3lrt^ 
/ongr  respecfive/y.  How  fbrsf  are  their  fip3 
separating  at  9oh/ocM  f//5.^S4  in.p,hK]}  at 
26*c!ock  if/Z9ain,ix  hKj 

s*3/s-^cosO»  where  s  is  distance  in  inches 
bet¥\^een  the  tips  arid  O  is  the  angle  (in 
rordians)  befvs^een  the  hands  ;  b€twen  6^5" 
and  9'i5  O  is  increasing  uniform iy  at  the 
rate  of  -g-TV  radians  per  hoar. 


^. 


f 


folates. 


(Studenii  Card)  ^ 


:^ 


3 


Oock  fh^/em. 

The  hands  of  a  c/ocA  are  6  in,  and  3  in, 
tonq  respectiveiy,  ffo¥ir  fast  are  their  tip^ 
separating  at  9o'cioch^ 

tlov^  fast  at  B  o  hiock  ^ 

Let  s* distance  in  inches  between  the 
ftps  of  the  tfands, 

LetO*  ttte  ang/ef/n  radians)  between 
the  hands. 
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The  collection  is  classified  to  suit  the  subjects  taught 
The  cards  are  not  placed  in  the  hands  of  students^  but 
in  every  case  such  portion  of  a  card  is  given  out  orally 
or  on  a  separate  slip  as  will  clearly  state  the  problem, 
while  upon  the  card  itself,  for  the  assistance  of  the  in- 
structor in  rapid  critical  work  the  salient  features  of 
the  problem  are  completely  worked  out.  A  complete 
collection  therefore  requires  that  every  problem  should 
be  in  duplicate,  one  card  for  the  instructor,  one  for  the 

student. 

Discussion. 

President  Charles  S.  Howe  :  I  was  asked  to  write  a 
paper  on  tiiiis  subject,  but  not  knowing  whether  I  could 
be  present  I  said  I  preferred  to  take  part  in  the  discus- 
sion; my  part  in  the  discussion  will  be  in  regard  to 
what  we  are  doing  at  Case  School  of  Applied  Science. 

I  am  sure  every  teacher  in  a  technical  school  under- 
stands and  appreciates  the  problems  which  an  engi- 
neer must  solve  when  he  goes  out  into  the  world.  The 
engineer  is  continually  solving  problems  and  he  must 
get  the  right  answer ;  if  he  does  not  he  is  worthless  as 
an  engineer.  It  is  therefore  important  that  we  teach 
pupils  to  solve  problems  correctly,  and  to  do  this  we 
must  insist  that  the  problems  be  right  as  far  as  the  an- 
swer is  concerned.  We  give  the  man  no  credit  what- 
ever unless  the  answer  is  correct.  There  is  no  half- 
way point.  The  problem  is  right  or  it  is  wrong,  and 
if  it  is  wrong  the  man  should  have  no  credit  for  it— no 
more  in  fact  than  he  will  get  after  he  goes  out  as  an 
engineer.  If  it  is  right  he  should  have  full  credit  for 
it.  We  do  not  allow  anything  for  knowledge  of  theory 
when  a  problem  is  being  worked.    We  get  at  a  man's 
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knowledge  of  theory  in  other  ways.  When  a  problem 
is  being  solved  the  answer  should  be  obtained  and  no 
credit  given  unless  the  answer  is  obtained.  I  can 
speak  with  more  knowledge  of  mathematical  problems 
because  that  is  the  department  in  which  I  have  worked 
for  many  years. 

The  size  of  classes  is  a  very  important  question  in 
the  discussion  of  problem  work.  I  agree  with  one  of 
the  speakers  who  said  that  an  instructor  cannot  handle 
more  than  twenty-five  students  at  a  time.  That  would 
be  a  large  number  in  some  institutions  but  students  in 
institutions  grow  in  numbers  very  much  faster  than 
faculties  grow  in  numbers  and  hence  large  classes  have 
become  a  necessity.  Sometimes  it  is  very  difficult  to 
arrange  a  schedule  of  classes  because  in  some  depart- 
ments a  large  number  of  students  can  be  taken  care  of 
in  the  divisions,  while  in  others  the  divisions  should  be 
smaller.  We  have  found  it  possible  to  handle  very 
large  divisions  in  mathematics,  having  frequently  from 
seventy  to  ninety  students  in  one  class.  We  have  one 
large  recitation  room  having  from  eighty  to  one  hun- 
dred seats.  The  class  assembles  in  this  room.  The 
demonstrations  of  the  day  and  the  problems  which 
ought  to  be  explained  are  assigned  and  students  are 
sent  to  the  board  for  this  purpose.  All  other  students 
are  immediately  sent  to  an  adjoining  room  which  not 
only  has  a  number  of  blackboards  around  the  waUs,  but 
has  a  number  of  movable  boards  in  the  center  of  the 
room.  In  addition  to  the  professor  in  diarge  there  are 
two  or  three  instructors  as  assistants.  If  the  professor 
is  in  charge  of  the  main  room  the  instructors  go  into 
the  blackboard  room.    In  this  room  the  students  are 
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given  problems  to  work  and  are  kept  bnsy  until  the 
latter  part  of  the  hour.  The  problems  are  sometimes 
those  which  have  been  assigned  for  the  day's  lesson, 
but  are  usually  new  problems  which  the  students  have 
never  seen.  They  are  obliged  to  work  without  books 
and  this  recitation  is  in  the  nature  of  a  test.  We  have 
collections  of  these  problems  although  we  have  never 
made  as  complete  and  careful  a  collection  as  Professor 
Waldo  and  Professor  Maurer.  Near  the  close  of  the 
hour  the  students  all  go  back  into  the  main  room  and 
there  listen  to  the  demonstrations  and  problems  which 
have  been  assigned  from  the  lesson. 

Usually  there  is  a  professor  at  the  head  of  a  depart- 
ment and  he  has  a  number  of  assistants.  It  very  fre- 
quently happens  that  these  instructors  are  young  and 
have  had  very  little  experience.  We  have  to  take  young 
instructors  without  much  experience  because  we  do  not 
pay  much  salary.  It  is  to  be  presumed  that  the  pro- 
fessor who  has  had  several  years  of  experience  in  teach- 
ing is  a  better  instructor  than  a  young  man  who  has 
been  teaching  but  a  year  or  so.  By  this  method  all 
the  teaching  is  in  the  hands  of  the  head  of  the  depart- 
ment. He  handles  the  class,  assigns  the  work  and  does 
the  teaching,  relying  upon  his  instructors  to  look  after 
blackboard  work,  correct  problems,  etc.  The  instruc- 
tors look  after  details  but  the  professor  is  responsible 
for  the  conduct  of  the  class.  I  think  I  have  been  able 
to  obtain  better  results  with  a  division  of  seventy-five 
students  and  two  instructors  than  I  could  with  three 
divisions  under  three  different  men,  using,  perhaps, 
three  different  methods  of  teaching. 

The  question  whether  a  student  is  getting  the  prac- 
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tice  in  problems  he  ought  to  have  is  a  serious  one. 
Many  students  will  not  work  problems— perhaps,  that 
is  not  quite  true— but  many  do  not  hand  the  problems 
in  on  time  and  so  it  is  presumed  that  they  do  not  work 
them.  Where  they  do  not  hand  them  in  on  time  we 
give  them  other  problems  entirely  outside  the  text,  as 
far  as  possible  different  problems  to  different  men,  and 
every  student  is  obliged  to  work  a  number  which  is 
practically  the  same  as  the  number  in  the  text.  The 
problems  are  examined,  and  if  wrong,  go  back  to  the 
student,  who  is  obliged  to  solve  them  again  and  is  kept 
at  them  until  he  gets  them  right.  An  accurate  list  is 
kept  in  a  note-book  and  each  man  is  held  responsible  for 
all  the  problems.  This  method  has  not  been  altogether 
satisfactory  because  it  has  been  found  that  when  exami- 
nations come,  the  men  do  not  seem  to  be  able  to  work 
problems  as  well  as  they  should.  We  have  recently 
been  trying  to  find  some  method  whereby  we  can  be 
sure  each  man  works  the  problems  assigned  and  works 
them  when  he  should.  The  following  method  has  been 
tried  with  a  good  deal  of  success.  A  number  of  prob- 
lems are  assigned  each  day  for  examination  and  study 
but  the  men  are  not  obliged  to  hand  them  in.  During 
the  first  part  of  the  recitation  hour  a  written  test  is 
given  in  these  problems.  Representative  problems 
are  picked  out,  two,  three  or  four,  depending  upon  the 
length  of  time  necessary  to  solve  them  and  perhaps 
fifteen  to  twenty  minutes  is  given  to  this  test;  but  it 
is  an  absolutely  rigid  test,  every  day,  day  after  day,  on 
problem  work.  The  men  are  marked  on  this  test.  If 
they  do  not  pass  they  are  obliged  to  take  the  test  again 
with  other  problems,  so  that  they  are  held  rigidly  to  it. 
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We  have  fotmd  the  results  of  regular  tests  and  exami- 
nations much  more  satisfactory.  Since  this  system  was 
inaugurated  not  over  one  third  as  many  men  have  failed 
as  under  the  old  method  of  assigning  problems.  This 
shows  that  the  students  feel  forced  not  only  to  get  the 
problems  which  are  assigned  every  day,  which  may 
mean  work  with  some  other  students,  but  shows  that 
they  have  learned  how  to  work  the  problems  them- 
selves. This  is  the  most  satisfactory  method  we  have 
found  of  obliging  the  students  to  work  problems  and  of 
actually  finding  out  whether  they  do  work  the  problems. 

Prbstobnt  McNaib  :  The  subject  is  now  open  for  dis- 
cussion. 

Professor  Marbubg  :  In  holding  a  section  of  seventy- 
five  men  concurrently,  your  periods,  I  suppose,  extend 
over  an  hour.  Is  the  half  hour  devoted  to  practical 
work  and  the  other  to  recitations! 

President  Howe  :  At  the  beginning  of  the  hour  all  of 
the  demonstration  and  text-book  work  is  assigned  to 
some  men  to  be  explained  and  a  certain  number  of 
problems  also  assigned  to  other  men ;  then  perhaps  for 
thirty  or  thirty-five  minutes  all  the  rest  of  the  class 
work  problems  which  they  have  never  seen  before. 
Then  all  go  back  into  the  main  room  and  there  listen  to 
recitations  and  problems  which  were  assigned  at  the 
beginning  of  the  hour.  Of  course,  on  other  days,  other 
men  will  recite.  I  may  say  that  with  seventy-five  stu- 
dents I  have  divided  the  class  into  three  sections.  When 
I  had  charge  of  the  classes  in  mathematics  I  would  take 
different  sections  on  different  days,  so  that  once  in  three 
days  a  section  came  under  my  personal  supervision. 

Professor  Edgar  Marburg  :  The  large  influx  of  stu- 
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dents  upon  the  engineering  courses  that  had  become  so 
noticeable  throughout  the  country  within  recent  years 
was  unfortunately  seldom  or  never  attended  by  a  pro- 
portionate increase  in  the  number  of  higher-salaried 
positions  on  the  teaching  staff.  I  think  it  is  gener- 
ally agreed  that  most  technical  subjects  can  be  effect- 
ively taught  only  in  small  sections,  limited  preferably 
to  fifteen  students.  The  result  is  that  an  increasing 
proportion  of  the  teaching  is  entrusted  to  young  and 
comparatively  inexperienced  instructors.  The  speaker 
believes  that  under  these  circumstances  the  following 
plan  offers  distinct  advantages,  namely,  to  have  the 
different  sections  in  a  given  subject  report  to  the  vari- 
ous instructors  at  concurrent  hours,  and  at  any  of  these 
hours  to  smnmon  all  these  sections  into  the  lecture  room 
without  previous  notice,  the  lectures  being  given  by  the 
most  experienced  instructors  in  that  subject.  The  fre- 
quency of  these  lectures  would  depend  on  the  nature  of 
the  subject  and  the  period  of  the  course.  The  other 
instructors  should  be  required  to  be  present  at  these 
lectures.  In  connection  with  that  system,  the  instruc- 
tors should  change  sections  from  week  to  week,  or  in 
the  case  of  a  subject  given  less  frequently  than  say 
three  times  a  week,  every  second  week.  Thus  every 
student  receives  the  benefit  of  the  average  ability  of 
the  instructors.  Moreover,  the  system  gives  rise  to  a 
spirit  of  wholesome  emulation  among  the  instructors. 

For  blackboard  drill,  assignments  should  be  given 
out  on  slips  of  paper,  and,  at  the  end  of  a  half  hour,  the 
students  should  all  be  sent  to  their  seats  to  follow  the 
demonstrations  during  the  remaining  half  hour.  In 
most  cases  a  student  who  fails  to  complete  his  work  im 
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a  half  hour  would,  if  permitted^  fritter  away  the  bal- 
ance of  the  hour  in  futile  efforts  at  the  board,  without 
deriving  any  benefit  from  the  recitation  of  his  class- 
mates. 

Pbofessob  C.  a.  Waldo:  May  I  recur  to  Professor 
Marburg's  discussion T  He  has  stated  that  his  instruc- 
tors are  changed  frequently  with  reference  to  any  par- 
ticular division  of  students.  Now,  it  occurs  to  me,  Mr. 
President,  that  one  of  the  greatest  losses  we  are  suffer- 
ing in  our  congested  institutions  is  this— the  individual 
student  is  losing  his  identity  so  far  as  the  instructor  is 
concerned.  The  instructor  doesn't  know  his  individual 
students,  he  does  not  know  them  intimately,  fully,  sym- 
pathetically, and  too  often  he  does  not  attempt  to  know 
them.  If  the  small  college  has  any  good  reason  for 
existence,  it  is  just  this,  that  the  professors  know  their 
students.  In  the  big  institutions  the  contrary  is  the 
usual  condition.  Is  it  not  a  very  great  loss  when  that 
state  of  affairs  transpires?  Anything  we  can  do  to 
foster  a  sympathetic  mental  contact  between  students 
and  faculty  should  be  done.  If  we  haven't  them  now 
we  must  devise  methods  through  whose  operations  the 
instructor  shall  know  the  individual  student,  know  what 
he  is  doing,  know  his  emotions,  something  of  his  inner 
life,  and  influence  him  not  only  with  reference  to  the 
things  that  he  is  doing  in  the  class-room  but  also  with 
reference  to  his  life.  There  is  no  way  of  securing  the 
beautiful  results  of  master  and  discipleship  except  by 
individual  contact.  Now,  it  seems  to  me  that  if  we  fre- 
quently change  the  instructor  for  a  given  class  we  de- 
stroy completely  this  inner  and  higher  relationship. 
With  ten  assistants  in  my  department  it  has  been  my 


52  METHODS  OF  HANDLIKO  PBOBLEM  WOBK. 

custom  to  insist  that  each  shall  know  his  men  individ- 
ually and  thoroughly,  shall  in  difficult  cases  study  their 
environment.  By  just  that  kind  of  contact  it  frequently 
occurs  ihat  men  are  directed  and  developed  who  other- 
wise would  be  lost  to  the  intellectual  world.  This  is  the 
high  missionary  work  of  the  true  teacher.  I  am  strictly 
opposed  to  any  method  by  which  this  individual  con- 
tact and  influence  are  destroyed.  I  say  to  my  men 
**know  your  men;  I  will  try  to  keep  the  number  with 
whom  you  are  to  deal  within  reasonable  bounds,  but 
know  your  men  as  individuals  and  help  them  as  best 
you  can.'* 

Pbofessob  W.  G.  Raymond  :  In  these  papers  the  ques- 
tion seems  to  be,  how  shall  we  find  out  whether  the  stu- 
dents do  their  work.  It  appears  to  me  that  is  not  the 
point.  It  ought  to  be,  how  shall  we  know  that  students 
are  doing  their  work.  A  good  many  difficulties  have 
been  pointed  out  and  I  don't  want  to  bring  up  any  old 
scores,  but  possibly  I  cannot  do  better  than  to  point  out 
how  easy  it  would  be  to  get  around  it  all  if  you  would 
adopt  that  scheme  presented  by  me  three  or  four  years 
ago  of  individual  instruction. 

Pbofessob  Mansfield  Mebbiman:  There  is  one  fea- 
ture in  regard  to  this  work  I  have  not  heard  spoken  of, 
and  that  is  the  importance  to  the  student  of  first  thor- 
oughly understanding  what  the  problem  means.  After 
he  has  done  that,  he  ought  to  be  able  to  make  a  mental 
estimate  of  the  result.  For  example,  on  one  of  these 
cards  there  is  an  area  drawn  which  the  student  is  re- 
quired to  determine  by  integration.  Since  this  area 
roughly  resembles  that  of  a  parabola,  a  practical  man 
would  multiply  the  base  by  the  altitude  and  take  about 
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two  thirds  the  product  for  the  area.  It  is  this  point 
of  view  that  the  student  should  also  obtain:  first, 
making  an  estimate  by  some  rough  and  ready  method, 
and  then  working  out  the  accurate  result  and  compar- 
ing it  with  the  estimate.  In  this  way  the  engineering 
judgment  of  the  student  is  developed,  and  sound  judg- 
ment, with  abUity  to  make  mental  estimates  with  ap- 
proximate correctness,  is  one  of  the  elements  of  success 
in  engineering. 

Pbofessob  H.  Wade  Hibbabd:  This  subject  is  inter- 
esting to  us  at  Cornell  because  we  are  tending  towards 
doing  away  with  examinations  at  the  end  of  the  terms, 
and  I  expect  that  in  the  course  of  the  next  year  this 
result  will  be  attained,  which  means  that  more  depen- 
dence is  going  to  be  placed  in  all  our  classes  upon  the 
understanding  of  the  grade  of  work  the  students  are 
doing  day  by  day.  I  might  say  we  are  feeling  that  the 
ten  days  each  semester  given  to  examinations  is  largely 
time  lost. 

I  did  not  suppose  that  this  discussion  was  going  to 
take  the  form  Professor  Waldo  spoke  of,  viz.,  keeping 
in  closer  touch  with  and  understanding  each  student. 
I  think  we  realize  that  and  now  we  are  endeavoring  all 
the  time  to  keep  in  close  touch  with  the  students.  That  is 
very  rightly  said  to  be  one  of  the  dangers  of  the  large 
engineering  schools.  Personally,  I  have  felt  that  much 
of  that  touch  with  the  students  may  be  obtained  entirely 
outside  the  class-room,  and  I  look  to  getting  my  boys 
over  to  my  house  to  eat  something  or  play  some  games 
or  sit  on  the  veranda  and  talk,  and  I  believe  much  of 
the  good  that  we  as  engineering  instructors  are  going 
to  do  for  our  boys  will  result  from  that  personal  contact 
with  them. 
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Pbofessob  Albebt  F.  Ganz  :  I  do  not  agree  with  the 
last  speaker  that  the  ten  days  devoted  to  examinations 
at  the  end  of  each  term  is  time  lost.  On  the  contrary, 
I  consider  it  time  well  spent,  first  because  students  in 
preparing  for  these  examinations  must  review  the  work 
gone  over  during  the  term;  and  secondly  because  it 
gives  the  instructor  a  chance  to  find  out  how  much  of 
the  work  the  student  has  retained. 

Regarding  the  card  scheme  for  handling  problem 
work  I  can  say  that  for  several  years  I  have  used  the 
following  scheme  and  have  found  it  to  work  well.  I 
have  a  set  of  problems  written  out  on  numbered  white 
cards  for  each  division  of  the  subject  which  I  teach, 
namely,  electrical  engineering.  I  have  also  sets  of  yel- 
low cards  with  the  answers  and  main  points  of  the  solu- 
tion written  on  them  and  correspondingly  numbered. 
The  white  cards  are  intended  to  be  handed  out  to  stu- 
dents and  the  yellow  cards  are  for  the  instructor  to 
facilitate  looking  over  the  solutions.  I  use  these  cards 
both  for  written  tests  and  for  work  on  the  blackboard. 
If,  for  instance,  I  am  to  have  a  recitation  on  problems 
on  the  blackboards,  I  will  hand  out  fifteen  to  twenty 
problem  cards  to  as  many  students  at  the  beginning  of 
the  hour ;  as  this  takes  but  a  few  minutes  no  time  is  lost 
as  would  be  the  case  if  the  problems  had  been  assigned 
verbally.  The  first  student  to  finish  is  called  on  to  ex- 
plain his  work,  the  students  at  their  seats  following  the 
explanations.  By  looking  at  the  yellow  solution  card  I 
can  quickly  detect,  for  instance,  a  numerical  error. 

I  believe  that  problem  work  is  very  important  not 
only  in  mathematics  but  in  all  engineering  subjects. 
These  problems  should  be  taken  as  much  as  possible 
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from  practice  because  students  will  take  so  much  more 
interest  in  a  real  problem  than  in  a  made  up  problem. 
I  add  to  my  stock  of  problems  every  year,  replace  old 
problems,  and  so  endeavor  to  keep  the  stock  alive  and 
of  interest. 

Regarding  President  Howe's  plan  for  handling  large 
classes  in  recitations  whereby  he  sends  a  portion  of  the 
class  into  an  adjoining  room  full  of  blackboards  and  lets 
them  work  problems  on  these  boards,  it  seems  to  me 
that  it  would  be  simpler  to  hand  out  blank  paper  and 
have  students  work  their  problems  on  the  paper  and 
hand  these  in  at  the  end  of  the  hour.  I  also  have  large 
classes  to  handle  and  do  it  for  recitation  work  partly  in 
that  way,  and  partly  by  having  problems  put  on  the 
boards  in  the  lecture  room  and  then  have  these  ex- 
plained before  the  class. 

Pbofessob  H.  E.  Smith  :  I  have  been  much  interested 
in  the  remarks  relative  to  the  card  idea  of  giving  out 
problems  in  class  work,  and  I  may  say  for  some  eight 
or  nine  years  I  have  been  building  up  this  same  system 
and  have  found  that  it  works  admirably.  The  subjects 
which  I  have  taught  have  included  applied  mechanics, 
steam  engine  work,  etc.  I  have  now  quite  a  complete 
file  of  cards  on  which  are  problems,  usually  numbered 
imder  headings,  so  that  I  can  easily  separate  them  into 
their  different  classes.  The  way  I  have  used  them  has 
been  like  this :  The  day  on  which  we  had  a  certain  sub- 
ject to  consider  I  have  selected  a  pack  of  these  problems 
sufficient  or  more  than  sufficient  to  go  around  the  class, 
and  after  a  discussion  of  the  subject  in  the  class,  pos- 
sibly for  the  first  twenty  minutes,  I  would  request  the 
class,  if  not  too  large,  to  go  to  the  board,  and  on  their 
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way  to  the  board  they  would  come  to  the  desk  and  I 
would  give  out  these  cards.  I  have  tried  to  arrange 
the  cards  so  that  each  problem  as  given  out  would  rep- 
resent some  phase  of  the  practical  application  of  the 
principle  that  had  been  discussed  during  the  day  or  on 
previous  days.  Of  course,  if  the  class  is  large,  it  is  a 
little  difficult  to  get  a  sufficient  number  of  problems 
that  bear  directly  on  the  one  or  two  subjects  of  that  day. 
These  problems  are  usually  numerical,  that  is,  require 
a  numerical  result.  In  most  cases  I  have  the  results 
on  a  separate  card  or  sheet,  so  that  if  it  is  necessary  to 
check  in  that  way  I  can  do  so.  Outside  of  this  work, 
usually  the  class  has  been  given  one  or  more  problems 
to  do  at  their  homes,  and  there  again  I  have  tried  to 
make  the  problems  as  far  as  possible  practical  appli- 
cations. I  think  that  the  result  from  my  experience 
has  been  that  it  is  an  excellent  scheme  and  the  men  get 
hold  of  ways  of  applying  the  principle  to  actual  prac- 
tical problems.  I  think  in  examination  it  has  been 
clearly  shown  that  the  men  who  fail  to  hand  in  these 
problems  are  the  men  who  would  fall  down  in  exami- 
nation. I  have  never  used  this  system  for  quiz  work 
or  examinations,  as  the  first  speaker  remarked,  but  I 
think  it  might  be  done. 

Pbofbssob  C.  Fbank  Aulen:  There  is  one  point  I 
wish  to  bring  out  which  I  think  is  in  line  with  what  Pro- 
fessor Merriman  suggested ;  this  is,  that  whatever  sys- 
tem is  used  for  card  problems  and  the  like,  the  object 
should  not  be  primarily  to  get  marks  to  determine  the 
rank  of  the  student.  The  aim  eventually  should  be  for 
their  instruction,  to  improve  the  value  of  the  work ;  but 
the  diflference  is  not  always  quite  so  great  as  might 
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appear;  one  of  the  best  means  of  instruction  is  to  im- 
press npon  the  student  the  certainty  that  he  must  do 
the  work  that  is  assigned  him.  Something  of  the  mark- 
ing system  is  fairly  productive  of  that  result,  so  that 
the  problem  that  appears  at  first  to  be  designed  to  get 
a  mark  against  the  student  may  on  the  whole  be  very 
efficient  in  stimulating  the  student  to  get  ready  for  the 
mark,  so  that  if  the  ultimate  object  is  to  instruct  the 
student  and  get  from  him  the  work  that  he  ought  to  do, 
the  means  which  at  first  may  appear  to  be  subject  to 
criticism  will  after  all  be  very  efficient.  But  it  is  very 
easy  for  teachers  to  improperly  resolve  their  work  into 
a  system  of  securing  marks. 

Working  back  to  what  was  originally  stated  in  one 
of  the  papers,  so  far  as  the  main  work  is  concerned,  I 
dislike  to  have  more  than  twenty-five  students  in  a 
section,  but  I  have  arranged  to  have  a  class  as  large  as 
seventy-five,  and  within  three  or  four  years  will  have 
a  class  of  eighty  or  more ;  and  I  find  no  serious  difficulty 
in  certain  parts  of  the  work  with  a  class  of  that  size. 
The  work  that  I  do  with  these  large  classes,  although 
mathematical,  is,  I  think,  well  suited  for  that  treatment ; 
twenty  or  thirty  minutes  of  time  is  spent  in  lecture,  in 
explaining  practical  work  and  its  application;  this  is 
followed  by  a  written  examination  for  all  the  students. 
The  sheets  are  handed  to  the  students  with  the  prob- 
lems already  cyclostyled  on  them  so  that  there  is  no 
loss  of  time  in  copying  the  questions.  The  value  of 
the  exercises  is  several  fold ;  first,  there  is  the  certainty 
the  student  has  of  being  called  upon  for  the  work  of 
the  day;  second,  the  necessity  for  tackling  the  work 
without  asking  a  neighbor  how  to  start  in;  third,  the 
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cultivation  of  the  power  to  work  under  pressure,  for  in 
this  particular  work  there  is  not  time  left  for  a  man  to  do 
any  work  of  preparation  in  the  class,  but  only  enough 
to  do  the  work  that  is  assigned.  I  believe  that  in  that 
particular  work  the  students  are  very  much  benefited, 
although  at  first  sight  it  might  appear  that  the  object 
was  to  secure  marks.  In  other  parts  of  my  work,  this 
particular  form  of  exercise  would  not  prove  efficient, 
but  I  have  thought  it  might  be  interesting  to  state  what 
is  done  in  this  particular  case  in  that  way,  althou^ 
the  method  might  not  be  valuable  in  the  work  of  any 
other  teacher. 

Pbofessob  a.  N.  Talbot  :  I  am  pleased  to  see  this  ap- 
preciation of  the  value  of  working  out  problems  having 
a  practical  application  on  such  subjects  as  mathematics 
and  mechanics.  These  problems  are  of  value  to  the 
students  in  gaimng  a  comprehension  of  the  underlying 
principles  of  the  subject.  It  seems  that  we  should, 
however,  in  this  work  not  fall  into  the  error  that  seems 
in  some  directions  to  prevail,  of  making  everything 
problem  work,  that  is,  of  making  applications  and  omit- 
ting systematic  demonstration  of  theory  and  establish- 
ing the  principles  in  a  good,  rigid  way. 

Considering  the  question  of  contact  with  students 
which  has  been  raised,  we  have  had  our  instructors  add 
an  office  hour  during  the  day  when  students  are  free  to 
go  there  to  consult  with  them  concerning  not  only  the 
regular  class-room  work  but  problem  work.  Many  of  the 
men  come  of  their  own  acc6rd  and  we  find  it  very  satis- 
factory. 
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BY   FREDERICK   W.   SPERR, 
Professor  of  Cml  and  Mining  Engineering,  Michigan  College  of  Mines. 

The  term  surveying  will  apply  to  the  subject  in  hand 
with  the  following  limitations  upon  its  definition— 
namely : 

1.  To  determine  accurately  the  boundaries,  position, 
extent,  area,  contour,  or  other  particulars,  by  means  of 
measurements. 

2.  To  view  in  its  entirety. 

3.  To  view  scrutinizingly  with  reference  especially 
to  working  methods. 

The  course  of  instruction  as  we  give  it  is  divided  into 
class-room  work  and  field  work,  the  former  preceding 
with  one  hundred  hours  devoted  to  the  solution  of  prob- 
lems involved  in  the  adjustment  of  instruments,  in  the 
use  of  the  top  and  side  telescopes,  in  ^^ holing  through" 
work,  and  in  general  mine  traversing;  and  with  forty- 
four  hours  devoted  to  methods  of  coal  mining  and  coal 
mine  surveying.  The  field  work  receives  two  hundred 
and  seventy  hours  with  from  one  hundred  to  one  hun- 
dred and  twenty-five  hours  devoted  to  underground 
traversing,  carrying  survey  Unes  through  inclined  and 
vertical  shafts,  measuring  excavations  and  ore  reserves, 
and  making  computations  and  maps  for  some  particular 
ore  mine.  This  leaves  from  one  hundred  and  forty-five 
to  one  hundred  and  seventy  hours  for  the  more  general 
surveys  made  of  a  number  of  different  mines  in  one  or 
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more— usually  two— of  the  different  iron  mining  dis- 
tricts of  our  state. 

The  class-room  work  is  given  in  the  winter  and  early 
spring  months.  The  field  work  begins  about  the  first 
of  May  and  continues  for  five  weeks.  About  the  last 
of  March  the  Professor  in  charge  of  the  course  makes 
a  reconnoisance  trip  over  the  different  districts  in  order 
to  ascertain  where  the  work  can  be  most  advantageously 
conducted.  Especial  care  is  given  to  finding  a  mine 
suitable  for  the  first  part  of  the  field  work,  where  the 
problems  presented  are  most  suitable  for  such  a  course 
of  instruction  and  where  at  the  same  time  the  least 
inconvenience  will  be  inflicted  upon  the  mine  operators. 
Incidentally  it  is  noted  whether  accommodations  for 
room  and  board  can  be  obtained  by  the  students  in  the 
vicinity  of  the  mines,  and  about  what  rates  can  be  ob- 
tained; but  no  definite  arrangements  are  made  any 
more  than  may  be  absolutely  necessary. 

We  find  it  preferable  to  allow  the  students  to  find 
their  own  accommodations  to  their  own  best  possible 
advantage  and  satisfaction.  We  simply  announce  to 
them  the  time  when  they  are  to  be  at  their  work  and 
indicate  how  they  may  meet  the  requirement  unless 
they  can  find  some  better  way  for  doing  so.  This  cus- 
tom has  evolved  the  class  manager. 

When  the  classes  were  small  each  individual  looked 
after  himself;  but  as  the  numbers  increased  and  com- 
munity of  interests  became  more  apparent,  it  became 
the  practice  to  allow  some  one  by  mutual  selection  on 
account  of  fitness  or  wiUingness  to  arrange  for  the 
transportation  of  baggage,  and  at  the  end  of  the  course 
a  small  sum  was  contributed  to  this  individual  as  a 
recognition  of  kindly  services  performed. 
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As  the  nmnbers  increased  still  more  and  the  work  and 
compensation  grew  proportionately,  the  position  was 
songht  after  and  became  a  matter  of  class  election. 
The  nsual  duties  of  the  class  manager  now  are  to  ar- 
range for  all  transportation  of  persons  and  baggage, 
including  railroad  fares  and  livery  hire,  and  more  or 
less  for  rooms  and  board.  His  compensation  is  about 
sufficient  to  meet  his  personal  expenses  upon  the  trip ; 
and  he  must  be  a  man  of  sufficient  capacity  to  do  the 
work  in  addition  to  his  regular  duties  as  a  student. 

During  working  hours  the  students  are  required  to 
observe  certain  rules  most  rigidly  and  give  quick  and 
implicit  obedience  to  orders.  The  two  most  important 
rules  are— first,  never  to  interfere  with  the  signals  or 
any  part  of  the  hoisting  arrangments;  second,  never 
to  go  into  or  out  of  a  mine  without  permission  from  an 
instructor— not  even  at  the  invitation  of  a  mine  official. 

Outside  of  the  regular  working  hours  the  only  re- 
quirement upon  the  students  is  that  they  conduct  them- 
selves as  gentlemen  in  the  community  and  have  all  the 
good  time  possible,  consistent  with  the  proper  execution 
of  their  work. 

For  the  first  part  of  the  field  work  the  class  is  di- 
vided into  squads  of  four,  each  squad  having  its  own 
instrumental  outfit  and  making  its  own  independent 
survey. 

About  nine  hours  a  day  are  spent  in  the  mine,  and 
the  computing  and  mapping  are  done  in  the  evening, 
except  that  a  day  is  usually  required  to  finish  the  maps 
after  the  surveys  are  completed. 

The  latter  part  of  the  course  divides  itself  into  sur- 
face work  and  underground  work.    Different  mines  of 
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the  different  districts  are  visited.  The  class  as  a  whole 
may  be  engaged  first  upon  the  one  kind  of  work  and 
then  upon  the  other;  or  the  class  may  be  divided  so 
that  one  section  may  work  on  surface  while  the  other 
works  underground,  changing  about  either  by  half  days 
or  whole  days. 

The  surface  work  consists  in  studying  the  general  sur- 
face equipment  of  a  mining  plant  from  an  engineering 
standpoint,  and  making  sketches  from  which  working 
drawings  can  be  mad<e  of  the  most  important  features. 

The  underground  work  consists  in  studying  the  meth- 
ods of  getting  out  the  ore  and  controlling  and  handling 
the  overburden.  Sketch  maps  of  the  mines  are  made 
by  the  pacing  method  for  the  purpose  of  learning  the 
mine. 

The  sketches  of  both  surface  and  underground  are 
criticised  by  the  instructors  and  inked  in  by  the  students 
in  the  evening. 


UNIVERSITY  OF  WISCONSIN  SUMMER  SCHOOL 

OF  SURVEYING, 

BY  LEONARD   S.   SMITH, 

Associate  Professor  of  Topo|^phic  and  Geodetic  Engineering, 

University  of  Wisconsin. 

The  Wisconsin  Summer  School  of  Surveying  was 
organized  ten  years  ago,  so  thai;  its  organization  and 
methods  have  had  a  fair  trial.  Advantage  has  been 
taken  of  each  year's  results  to  introduce  such  changes 
as  experience  showed  were  desirable. 

It  should  be  noted  that  the  best  organization  for  a 
particular  summer  school  of  surveying  will  depend 
upon  the  character  and  amount  of  the  theoretical  and 
field  work  introduced  in  regular  term  time.  This  term 
work  is  largely  dependent  upon  the  environment  of  the 
school  in  question. 

At  Wisconsin,  the  engineering  school  is  located  in  a 
city  of  twenty-five  thousand  inhabitants.  The  campus, 
of  about  six  hundred  acres,  has  a  frontage  on  Lake 
Mendota*  of  over  a  mile,  with  elevations  exceeding 
one  hundred  feet  above  it.  The  environment  and  cli- 
mate allow  of  a  considerable  amount  of  field  work 
during  both  the  first  and  last  nine  weeks  of  the  school 
year,  distributed  as  follows:  in  the  freshman  year  four 
and  in  the  sophomore  year  six  actual  hours  per  week 
during  the  period  above  stated.  This  time  is  used  in 
learning  the  adjustments  of  the  various  topographic 

*  This  lake  has  a  shore  line  of  twenty  miles. 
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instruments,  the  determination  of  their  constants  and 
capabilities  and  a  moderate  amount  of  practice  in  using 
them  in  land,  city,  hydrographic  and  topographic  sur- 
veys. This  practice  of  course  is  given  in  connection 
with  the  class-room  work.  While  suflScient  to  introduce 
the  instruments  to  the  student  and  to  teach  a  method, 
it  falls  far  short  of  being  suflScient  to  secure  proficiency 
in  the  use  of  the  instruments,  and  the  proper  keeping 
of  the  field  notes. 

The  securing  of  this  skill,  both  in  accuracy  and  in 
speed  of  field  operation  is,  in  the  opinion  of  the  writer, 
one  of  the  important  objects  of  the  summer  school  of 
surveying.  Such  a  school  also  creates  and  stimulates 
the  professional  spirit  of  the  student,  giving  him  en- 
thusiasm for  the  less  interesting  but  perhaps  more  fun- 
damental studies  of  his  course. 

At  first  the  Wisconsin  Summer  School  had  its  head- 
quarters at  the  university.  A  base  line  on  the  campus 
was  measured  and  a  triangulation  was  expanded  to 
cover  the  adjacent  lakes,  with  the  necessary  astronom- 
ical work.  This  work  was  executed  by  the  junior  stu- 
dents, while  the  sophomores  did  the  necessary  field 
work  for  the  topographic  and  hydrographic  mapping 
of  the  region.  These  maps  were  then  published  by.  the 
state  survey.  As  the  work  was  done  about  commence- 
ment time,  it  was  found  that  there  were  too  many  side 
attractions  for  satisfactory  results. 

During  the  past  five  years  the  summer  school  has 
been  held  at  Portage,  a  city  of  six  thousand  inhabitants 
on  the  Wisconsin  Eiver,  and  distant  about  forty  miles 
from  the  university.  Transportation  to  Portage  is  fur- 
nished at  reduced  rates  in  a  special  car,  this  also  in- 
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suring  the  protection  of  the  valuable  apparatus.  The 
entire  expense  to  the  students  for  the  four  weeks  of  the 
field  work,  including  transportation  and  living  ex- 
pensesy  does  not  exceed  twenty-five  dollars. 

Orgcmization  of  the  Party.— The  work  is  in  the  gen- 
eral charge  of  three  members  of  the  engineering  faculty, 
but  the  immediate  charge  is  vested  in  a  student  ^  ^  chief 
engineer"  elected  by  the  junior  class.  The  students 
have  never  failed  to  select  the  man  best  qualified  for 
this  position. 

The  chief  engineer  appoints  the  various  chiefs  of 
party,  which  are  changed  every  week  so  that  nearly 
every  one  has  a  chance  of  sharing  this  responsibility 
and  of  learning  its  duties. 

Carefully  checked  inventories  of  the  apparatus  are 
made  both  on  going  and  returning,  and  a  custodian  of 
property  is  appointed,  who  issues  equipment  to  party 
chiefs  upon  their  signing  a  proper  receipt.  All  dam- 
age to  instruments,  or  loss  of  apparatus,  is  charged  to 
the  student  causing  the  same. 

The  number  of  students  in  a  party  varies  with  the 
kind  of  work,  but  it  is  intended  to  assign  that  number 
which  will  insure  a  maximum  amount  of  instrumental 
work  per  student.  Level  parties  comprise  two  and 
topographic  parties  three  members.  As  a  rule  the 
transit-man  records  his  own  notes  and  sketches  in  a 
specially  prepared  field  book.  Extra  pains  are  taken 
to  insure  good  sketching,  which  includes  the  contour- 
ing relatively  correct  and  the  platting  by  estimation  of 
each  topographic  shot  taken. 

No  attempt  is  made  to  draw  a  map  in  the  field  except 
in  the  case  of  the  plane  table  topography.  Every  even- 
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ing  and  on  rainy  days  members  of  each  party  make 
sneh  computations  as  may  be  necessary  to  check  the 
accnracy  of  the  preceding  field  work.  This  includes 
the  reduction  of  horizontal  and  vertical  components  of 
stadia  shots  and  the  closing  in  latitude^  departure  and 
elevation  of  the  stadia  traverses.  A  record  is  kept  of 
such  results. 

This  and  other  office  work  is  carried  on  in  two  large 
and  well-lighted  rooms  of  the  city  hall,  placed  at  the 
disposal  of  the  survey,  through  the  courtesy  of  the 
mayor.  It  is  only  fair  to  the  boys  to  state  that  they 
show  their  appreciation  of  this  favor  by  taking  the  best 
of  care  of  the  rooms. 

Each  evening  the  chiefs  of  party  prepare  a  detailed 
report  of  the  day's  work,  frequently  accompanied  by 
suggestions  for  the  next  day's  assignment.  These  re- 
ports are  considered  by  the  chief  engineer  as  soon  after 
supper  as  possible,  and  new  assignments  for  the  follow- 
ing  day  are  posted.  This  enables  the  chief  of  each 
party  to  secure  all  needed  information  and  data  regard- 
ing the  next  day's  assignment  and  necessary  for  the 
successful  prosecution  of  the  work. 

The  platting  of  the  final  maps  of  the  survey  has  in 
the  past  been  done  in  the  above  rooms,  largely  during 
rainy  weather,  but  beginning  with  the  present  year  a 
week  will  be  spent  in  the  drafting  rooms  at  the  univer- 
sity immediately  following  the  three  weeks  of  field 
work.  It  is  hoped  that  this  arrangement  will  improve 
the  quality  of  the  drafting  work. 

Character  of  the  TForJfc.—The  character  of  summer 
school  surveying  work  must  depend  largely  upon  the  lo- 
cation of  the  school.    Portage  lies  in  a  glacial  moraine 
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district,  with  a  diversified  topography  well  suited  for 
both  the  transit  stadia  and  the  plane  table  method.  The 
Wisconsin  Biver,  the  largest  river  in  the  state,  is  close 
at  hand  inviting  discharge  measurements.  In  June  at 
its  usual  stage  it  has  a  flow  of  from  eight  thousand  to 
fifteen  thousand  second  feet.  At  the  present  writing 
this  discharge  is  over  forty  thousand  second  feet.  The 
valley  of  the  river  is  from  five  to  twelve  miles  wide, 
with  high  hills  well  suited  for  triangulation  work. 

Here,  also,  are  located  many  bench  marks  whose  ele- 
vations have  been  accurately  determined  by  the  U.  S. 
Lake  Survey,  the  U.  S.  Geological  Survey,  and  the 
State  Levee  Commission.  Triangulation  stations  of 
the  U.  S.  Coast  and  Geodetic  Survey  are  near  enough 
for  connection. 

As  the  details  of  such  field  work  must  be  very  similar 
on  all  student  surveys  it  is  not  necessary  to  give  them 
here. 

The  Wisconsin  course  comprises  the  following  lines 
of  work: 

(a)  Geodetic.— 1.  Measurements  of  a  base  line  over 
a  mile  long  with  a  three  hundred  foot  steel  tape.* 

2.  Angles  of  several  quadrilaterals  are  observed  and 
adjusted  (using  both  direction  and  repeating  theodo- 
lites). 

3.  Latitude,  longitude  and  azimuth  are  astronom- 
ically determined  by  both  approximate  and  refined  field 
methods. 

4.  The  L.  M.  and  Z.  of  each  station  in  the  net  is  com- 
puted from  the  adjusted  data. 

*  For  a  description  of  methods  and  results  see  Vol.  XLVIII.,  p.  132, 
Transadiona  Am.  8oc,  C,  E, 
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5.  Long  lines  of  precise  levels  are  ran,  using  instru- 
ments both  of  the  Kern  and  of  the  new  U.  S.  Coast  and 
Geodetic  Survey  pattern. 

(6)  Topographic— 1.  A  topographic  map  of  the  city 
of  Portage  is  prepared  with  five-foot  contour,  horizontal 
scale  one  inch  equals  sixty  meters. 

2.  A  topographic  map  of  about  fifteen  square  miles 
of  the  surrounding  country  is  made  by  the  stadia  and 
transit  or  the  plane  table  methods. 

3.  Each  party  of  two  students  runs  about  twenty 
miles  of  duplicated  wye  levels  checking  on  precise  level 
bench  marks. 

4.  One  long  line  of  levels  is  run  by  each  student  with 
an  engineer's  transit  in  order  to  inspire  confidence  in 
this  instrument  as  a  leveling  instrument. 

(c)  Hydrographic.—l.  Three  different  types  of  cur- 
rent meters  are  calibrated  and  the  necessary  velocity 
tables  computed  for  use  in  discharge  measurements. 

2.  The  discharge  of  the  Wisconsin  Biver  is  measured 
twice  daily,  besides  which  each  party  makes  determina- 
tions of  vertical  velocity  curves  to  determine  the  rela- 
tion between  the  mid-depth  and  average  velocity  of 
section. 

3.  A  hydrographic  survey  and  map  of  four  or  five 
miles  of  the  river  or  of  some  nearby  lakes  is  made. 

The  fact  that  the  work  has  been  duplicated  each  year 
has  made  it  much  easier  to  plan  and  supervise  the  work. 
It  also  allows  of  a  systematic  training  in  a  great  va- 
riety of  work.  At  the  same  time  it  is  not  lacking  in 
novelty  to  the  student. 

At  first  it  was  difficult  to  find  rooming  and  boarding 
accommodations  in  the  better  grade  of  private  homes 
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and  hotels  were  used  instead.  Since  the  first  year,  this 
difficulty  has  entirely  disappeared  owing  to  the  repu- 
tation which  the  boys  have  earned.  At  the  present 
time  applications  to  room  and  board  the  students  have 
been  received  for  double  the  number  required.  This 
is  mentioned  here  because  it  has  been  charged  that  such 
students  could  not  be  depended  upon  at  such  time  for 
serious  work.  It  is  self  evident  that  the  homes  of  the 
first  citizens  could  not  be  open  to  guests  who  kept  late 
hours,  or  who  indulged  in  *  *  hilarity. ' '  No  complaint  of 
this  character  has  ever  come  to  the  writer. 

In  order  to  bring  the  students  nearer  their  work  it  is 
likely  that  a  complete  camping  outfit  will  be  provided 
for  the  survey  in  the  near  future. 

An  offer  to  publish  the  maps  of  the  survey  has  been 
received  from  the  director  of  the  Wisconsin  State  Geo- 
logical Survey.  It  is  a  question  in  the  writer  ^s  mind, 
however,  whether  the  interests  of  the  student  would 
not  sometimes  need  to  be  sacrificed  to  the  needs  of  the 
published  maps,  in  case  of  such  an  arrangement. 

Conditions  for  Substituting  Practical  Work.— The 
question  of  whether  such  summer  school  work  should 
be  required  of  all  students  was  quite  thoroughly  dis- 
cussed at  the  St.  Louis  meeting  of  this  Society  and 
answered  in  the  affirmative. 

The  practice  at  Wisconsin  is  to  allow  the  substitu- 
tion of  professional  work  for  one  half  of  the  summer 
school  work.  Such  work,  however,  must  be  instrumen- 
tal work  and  the  application  for  credit  must  be  accom- 
panied by  letters  from  the  employer,  stating  the  char- 
acter and  amount  of  the  work  and  proficiency  displayed 
by  the  student. 
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The  nmnber  of  nndergraduates  who  can  obtain  pro- 
fessional engagements  in  vacation  time  varies  greatly 
from  year  to  year.  Moreover,  the  value  of  such  work 
to  the  student  varies  greatly.  The  interests  of  the  em- 
ployer are  apt  to  keep  the  beginner  at  the  same  thing 
instead  of  providing  him  a  variety  of  tasks.  Especially 
is  this  true  of  the  first  two  vacations. 

At  the  present  time  no  argument  is  required  to  show 
the  need  of  a  summer  school  of  surveying,  where  sys- 
tematic instruction  in  field  work  may  be  given  in  a 
large  number  of  lines.  The  best  argument  is  the  uni- 
form testimony  of  the  students  who  have  taken  such 
a  course,  that  their  time  and  money  were  well  spent. 

It  should  be  noted  that  such  summer  work  virtually 
adds  to  the  length  of  the  course  of  study;  in  the  case 
of  Wisconsin  by  one  entire  month.  Nor  does  this 
lengthening  of  the  course  of  study  concern  the  civil  en- 
gineering students  alone.  By  a  recent  action  of  the 
board  of  regents,  and  upon  the  recommendation  of  the 
engineering  faculty,  the  students  of  the  four  other  en- 
gineering courses  are  required  to  spend  four  weeks  in 
the  shop  work  during  one  of  the  summer  vacations.  It 
is,  however,  understood  that  professional  employment 
during  one  or  more  vacations  in  similar  lines  of  work 
will  be  accepted  as  an  equivalent  of  this  required  work. 

This  summer  school  requirement  will  undoubtedly 
result  in  not  only  reducing  the  number  of  subjects 
during  regular  term  time,  thereby  permitting  of  more 
thorough  work,  but  also,  because  of  the  longer  and 
more  continuous  hours  allowed  for  the  work  in  the  sum- 
mer will  largely  improve  the  amount  and  quality  of  the 
shop  work  itself. 
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BY   CHARLES   L.   CRANDALL, 
ProfeBsor  of  Railroad  Engineering  and  Geodesy,  Cornell  Uniyersity. 

The  work  was  planned  by  Professor  Fuertes  and 
began  in  the  spring  of  1874  on  Cayuga  Lake,  a  lake 
some  forty  miles  long  heading  at  Ithaca.  The  object 
was  to  give  instruction  under  conditions  simulating 
those  of  actual  work  as  closely  as  possible.  He  had 
had  a  large  experience  in  organizing  and  conducting 
extensive  surveys.  The  work  laid  out  included  the  sur- 
vey of  a  belt  about  two  and  a  half  miles  wide  on  each 
side  of  the  lake  with  transit  and  chain,  together  with 
soundings,  based  on  a  triangulation.  Both  the  senior 
and  junior  classes  were  taken  to  the  field.  They  were 
organized  by  the  election  of  a  chief  engineer  and  com- 
missary and  divided  into  parties  of  four  to  five  each, 
with  captains  appointed  by  the  instructing  force.  They 
were  kept  in  the  field  two  weeks  and  returned  in  time 
to  review  and  take  their  term  examinations.  The  sur- 
vey was  a  success  but  the  reviewing  for  and  passing 
examinations  after  a  two  weeks'  bake  in  the  sun  was 
not.  The  next  year  the  class-room  work  was  completed 
before  the  field  work  began.  The  work  was  diflFeren- 
tiated,  the  juniors  taking  the  topographic  and  the  se- 
niors the  hydrographic  and  geodetic. 

These  surveys  were  continued  on  the  finger  lakes  of 
central  New  York  until  1898,  completing  all  those  con- 
veniently accessible  from  the  university.    Headquar- 
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ters  were  secnred  at  the  summer  hotels  located  on  the 
lakes,  frequently  at  such  distances  from  the  work  that 
a  steam  yacht  was  required  for  transportation.  Astro- 
nomical observations  for  time  and  azimuth,  and  some- 
times for  latitude,  were  made  each  year,  beginning  in 
1878.  The  stadia  replaced  the  chain  and  contours  were 
added  to  the  topography.  A  base  line  was  measured 
each  year  with  the  U.  S.  Coast  and  Geodetic  Survey 
secondary  bars,  and  also  with  a  five  hundred-foot  steel 
tape  on  the  later  work.  Meanwhile  the  New  York 
state  triangulation  had  been  extended  over  the  areas, 
so  that  all  the  surveys  have  been  connected  with  it. 
Precise  levels  have  been  carried  along  with  the  later 
surveys,  starting  at  first  from  bench  marks  along  the 
Erie  canal  and  afterwards  from  those  of  the  U.  S.  Geo- 
logical Survey. 

The  field  maps  are  platted  on  detail  paper  from  com- 
puted coordinates  to  a  scale  of  four  hundred  feet  to  the 
inch.  Much  of  the  sketching  is  done  directly  upon  the 
sheets,  some  of  it  with  plane  table.  The  triangulation  is 
computed  and  plotted  by  latitudes  and  longitudes,  to  a 
scale  of  one  thousand  feet  to  the  inch  as  the  basis  for 
the  completed  map  of  the  year's  work  on  the  reduced 
scale.  Finally  those  for  each  lake  are  combined  and 
quite  a  number  of  them  have  been  published. 

In  1898  it  was  decided  to  take  up  the  survey  of  the 
Fall  Creek  watershed.  This  stream  is  about  thirty 
miles  long  and  has  a  drainage  area  of  some  one  hun- 
dred and  twenty  square  miles.  It  flows  through  the 
gorge  containing  the  new  hydraulic  laboratory  and  thus 
affords  an  excellent  opportunity  for  the  study  of  the 
run  off  of  the  stream.    The  divide  line  is  carefully 
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picked  out  with  hand  level  and  run  with  transit  and  the 
area  inclosed  in  the  water  shed  each  year  computed. 

No  summer  hotels  are  available  on  this  watershed 
and  transportation  is  slow  and  expensive.  This  forced 
us  to  go  into  camp.  We  were  thus  able  to  locate  each 
year  in  the  center  of  the  area  to  be  surveyed  and  to 
practically  cut  out  all  cost  for  daily  transportation  to 
worky  the  distances  being  short  enough  for  walking. 
The  first  year  a  caterer  boarded  the  men  by  the  week. 
Now  we  purchase  our  own  provisions  and  hire  a  caterer 
to  do  the  work.  This  is  more  satisfactory  as  the  men 
realize  that  they  are  having  what  they  pay  for  and  that 
they  are  at  liberty,  through  the  commissary,  to  cheapen 
cost  or  improve  quality  as  their  pocketbooks  may  war- 
rant. 

With  the  gradual  development  of  the  course  of  in- 
struction in  the  college  came  the  feeling  on  the  part 
of  the  faculty  that  the  two  weeks  taken  from  the  end 
of  each  of  the  junior  and  senior  years  was  needed  for 
class-room  work.  A  compromise  was  finally  effected 
by  relieving  the  seniors  and  extending  the  time  for  the 
juniors  to  three  and  one  half  weeks.  This  afforded 
some  relief,  but  when  the  course  of  study  was  revised 
in  1902  there  was  no  longer  room  for  the  survey  in 
term  time.  The  result  is  that  the  class-room  instruc- 
tion is  now  carried  to  the  examination  period,  the  junior 
examinations  are  placed  early  in  that  period  and  the 
men  taken  directly  to  the  field  for  four  and  one  half 
weeks.  About  half  of  this  time  is  taken  from  the  com- 
mencement period  and  one  half  from  the  vacation 
proper,  the  work  closing  two  and  a  half  weeks  after 
commencement.  This  change  has  been  in  effect  for 
two  years  with  satisfactory  results.     Last  year  the 
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juniors  who  were  able  to  secure  summer  positions  was 
considerably  reduced. 

In  conclusion:  The  survey  is  organized  on  the  basis 
of  securing  results,  and  not  on  the  basis  of  solving 
problems.  In  other  terms  each  problem  is  a  new  one 
and  its  solution  aids  in  securing  a  completed  whole. 

The  field  maps  and  data  obtained  each  year  are 
worked  up  as  class-room  work  and  a  final  map  made. 

The  student  chief  engineer  makes  out  the  orders,  as- 
signs the  men  to  work,  and  receives  their  reports. 

The  student  commissary  looks  after  provisioning  the 
camp. 

The  camp  and  the  area  surveyed  each  year  are  new  to 
the  instructors  and  to  the  students. 

The  topography  is  by  parties,  each  having  a  plat  to 
complete.  The  triangulation,  precise  levels,  etc.,  are 
more  in  common,  but  each  man  or  party  is  required  to 
check  his  or  its  own  work  as  far  as  possible. 

An  instructing  force  of  four  is  provided  for  some 
sixty.five  men;  much  of  the  oversight  is  general,  while 
it  is  at  times  specific,  the  instructor  acting  as  chief  of 
party. 

Discussion  on  the  Three  Preceding  Papers  and  on 
THE  Topic  ** Summer  Schools  op  Surveying.'' 

President  Howe  :  How  many  summers  does  each  stu- 
dent work  at  the  University  of  Wisconsin! 

Dean  Turneaure  :  Only  one  summer,  and  the  student 
is  permitted  to  select  which  vacation  he  will  do  the 
work  in. 

Professor  Raymond:  I  understand  from  Professor 
Smith's  paper  that  the  sophomores  do  part  and  the 
juniors  another  part. 
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Dean  Tubneatjbe  :  As  a  general  rule. 

Pbofessob  Raymond:  But  no  one  student  ever  does 
itallf 

Dean  Tubneaube:  We  have  just  made  a  change  in 
the  program*  The  paper  describes  what  was  done  in 
the  past.  Under  that  arrangement  we  required  two 
weeks'  work  at  the  end  of  each  of  two  years,  junior 
and  sophomore,  but  in  the  future  we  will  require  four 
weeks  for  one  year  only,  and  will  give  the  student  his 
choice  as  to  which  summer  he  will  work. 

Pbofessob  Spebb:  I  don't  understand  the  answer  to 
the  question  exactly,  as  to  whether  each  student  does 
some  or  all  of  the  work. 

Dean  Tubneaube  :  In  the  past  each  student  has  done 
all  kinds  of  work  if  present  during  both  summers.  We 
have  found  it  desirable,  however,  to  accept  outside  en- 
gineering work  for  one  of  the  vacation  periods  of  two 
weeks.  In  the  future  we  will  probably  accept  profes- 
sional work  for  about  one  half  of  the  field  work,  so  that 
in  some  cases  the  students  will  not  cover  all  of  the 
work,  but  in  general  each  student  does  get  practice  in 
all  of  the  work. 

Pbofessob  Spebb:  My  question  more  particularly  is, 
whether  each  student  will  occupy  each  different  posi- 
tion of  that  period  successively. 

Dean  Tubneaube  :  Yes ;  that  is  definitely  arranged. 

Pbofessob  Spebb:  And  perform  some  feature  of  the 
work! 

Dean  Tubneaube:  Yes. 

Pbofessob  Spebb  :  In  geodetic  work,  for  instance,  will 
they  do  some  practical  work  in  geodesy,  or  will  they  be 
given  credit  for  putting  in  four  weeks  in  practical  work, 
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even  though  they  may  not  have  performed  geodetic 
work! 

Dean  Tubnbaube:  Equivalents  for  this  work  from 
practical  experience  have  to  be  accepted  in  a  sort  of 
general  way.  We  cannot  expect  the  student  to  get  all 
varieties  of  work  in  practice,  but  there  is  great  pres- 
sure to  substitute  outside  work,  especially  where  a  stu- 
dent must  earn  money  during  the  summer,  and  we  do 
not  think  it  best  to  hold  too  rigidly  to  the  exact  kind  of 
field  work  given  in  the  course. 

Pbofessob  Spebb:  Are  they  subsequently  given  an 
examination  to  ascertain  whether  they  have  become 
more  proficient  in  the  principles  involved  by  reason  of 
their  practical  workt 

Dean  Tubnbaube:  The  character  of  the  practical 
work  is  always  inquired  into.  As  a  matter  of  fact  the 
amount  of  practical  work  offered  is  usually  three  or 
four  times  as  much  as  the  required  summer  work.  It 
may  be  railroad  work,  and  often  is  level  or  topographic 
work  on  the  U.  S.  Geological  Survey.  A  statement 
from  the  employer  is  required. 

Pbofessob  Spebb:  The  men  who  have  had  this  prac- 
tical work  are  liable  to  be  weak  on  the  general  princi- 
ples. The  purpose  for  which  we  conduct  the  summer 
work  is  that  the  men  shall  better  understand  the  prin- 
ciples of  surveying,  and  from  that  point  of  view  we 
are  continually  inclined  to  give  less  credit  for  outside 
practical  work. 

Pbesident  Howe:  I  am  interested  in  these  papers, 
because  during  the  past  year  we  have  been  discussing 
the  practice  term  and  getting  all  the  information  we 
could  from  catalogues  so  as  to  frame  a  practice  term 
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of  our  own.  As  we  have  had  no  experience  I  cannot 
state  results,  but  I  will  say  that  we  have  decided  to 
hold  a  practice  term  each  year,  giving  the  students 
and  professors  four  weeks  of  work  at  the  close  of  the 
spring  term  so  that  each  student  will  have  three  sum- 
mer terms  of  four  weeks  each.  All  departments  will 
be  affected.  We  are  going  to  hold  commencement  one 
week  earlier  than  usual;  this  will  bring  it  about  the 
first  of  June  and  then  the  whole  month  of  Jime  will  be 
given  up  to  practice  work.  This  will  make  the  college 
year  about  thirty-seven  weeks. 

Pbofessob  Baymokd  :  It  may  be  interesting  to  some 
of  you  to  know  that  the  Rensselaer  Polytechnic  Insti- 
tute summer  courses  in  topographic  surveying  are  given 
the  first  four  weeks  of  the  fall  term.  The  students  are 
taken  away  from  Troy  and  work  continuously  in  this 
survey  until  it  is  completed.  In  Troy  no  credit  is  given 
for  practical  work  done  elsewhere  unless  it  is  known 
definitely  that  the  work  has  been  more  than  that  given 
at  the  institute  and  exactly  of  the  same  kind.  It  is 
believed  the  boys  ought  to  have  that  particular  course. 
It  does  work  hardships  sometimes,  and  in  the  west  it 
is  much  more  difficult.  There  are  more  boys,  I  think, 
in  the  state  institutions  depending  on  their  own  re- 
sources to  get  through  with  their  education,  and  I  think 
it  is  harder  there  to  control  this  matter. 

We  have  not  attempted  to  control  them  in  Iowa  but 
are  going  to  try  it  next  year. 

Pbofessob  Spebb:  It  appears  in  the  discussion  of 
these  surveying  courses  that  other  people  are  accom- 
plishing as  much  in  four  weeks  as  I  find  it  hardly  pos- 
sible to  accomplish  in  eight.    I  can  best  show  how  we 
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put  in  the  time  by  submitting  our  schedule.  It  has 
never  seemed  desirable  to  diminish  the  time  allotted  to 
any  one  of  the  topics ;  but  I  should  be  pleased  to  hear 
suggestions  for  a  better  subdivision  of  the  time. 

Dean  Tubneaube:  How  much  work  do  you  give 
during  the  term  time  t 

Pbofessob  Spebb  :  We  give  seventy  hours  of  compu- 
tations and  topographical  drawing  preceding  the  field 
work  and  an  optional  course  in  office  work  of  one  hun- 
dred and  eight  hours  is  given,  following  the  field  work. 
During  the  time  covered  by  the  schedule  from  seven  to 
eight  hours  a  day  are  occupied  in  the  field  with  the  in- 
struments and  the  text ;  and  from  four  to  five  hours  a 
day  are  occupied  with  the  study  of  the  text-books,  with 
computation  and  drawings  and  with  written  examina- 
tions. Usually  some  little  time  is  required  to  fimsh 
up  the  computations  and  maps  for  the  work  preceding 
the  railroad  surveying,  therefore  a  day  is  assigned  on 
the  schedule  for  cleaning  up  work  of  this  kind. 

Pbofessob  F.  H.  Neff  :  The  work  for  the  students  in 
civil  engineering  as  partly  outlined  at  the  present  time 
for  the  practice  term  at  Case  School  of  Applied  Sci- 
ence is  as  follows:  At  the  close  of  the  freshman  year 
there  will  be  four  weeks  devoted  to  elementary  survey- 
ing, at  the  close  of  the  sophomore  year  four  weeks  of 
railroad  work,  and  at  the  close  of  the  junior  year  a 
similar  period  devoted  to  practical  astronomy  and 
geodesy.  There  will  be  recitations  each  day  in  each 
one  of  these  classes  and  in  some  of  them  the  subject 
will  be  taken  up  in  class  before  the  practice  term  begins. 

Pbofessob  Henby  S.  Munboe  :  At  Columbia  Univer- 
sity we  have  had  a  summer  school  of  surveying  in  sue- 
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ee^sfd  operation  for  twenty  years.  In  Vol  1,  page 
243,  of  the  proceedings  of  this  Society  will  be  found  a 
description  of  this  school  in  some  detail.  In  most  par- 
ticulars the  organization  and  scheme  of  instruction  is 
the  same  now  as  then,  and  it  is  not  necessary  to  repeat 
what*  was  then  said  regarding  our  work  As  a  result 
of  these  twenty  years  ^  experience  we  can  testify  to  the 
value  of  field  instruction  of  this  character,  and  so  far 
as  the  students  are  concerned,  we  feel  that  with  us 
every  day  of  such  a  summer  session  is  profitably  spent 
Some  years  ago  we  put  the  school  on  a  permanent  basis, 
the  university  purchasing  several  farms,  including  the 
one  previously  leased.  On  this  property  a  number  of 
buildings  have  been  erected  for  a  summer  camp,  and 
arrangements  made  for  an  adequate  water  supply  and 
proper  drainage. 

In  some  respects  our  scheme  of  work  differs  rad- 
ically from  that  adopted  elsewhere.  We  do  not  attempt 
to  make  maps  for  publication,  nor  do  we  undertake 
extensive  surveys  requiring  the  cooperation  of  large 
bodies  of  students.  Such  surveys  and  maps  necessarily 
burden  the  instructors  with  much  undesirable  work 
which  we  believe  lessens  their  usefulness  as  instructors 
and  consumes  time  which  might  be  employed  to  more 
advantage  in  their  legitimate  work  of  teaching.  Our 
surveys  and  field  exercises  are  designed  solely  for 
educational  purposes,  and  in  each  case  we  endeavor 
to  accomplish  the  result  in  the  simplest  possible  way. 
Each  of  the  earlier  surveys  is  preceded  by  special  exer- 
cises designed  to  teach  the  student  the  manipulation 
of  the  instruments  to  be  employed  and  some  of  the  de- 
tails of  the  field  method  to  be  used  in  the  next  survey. 
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The  course  of  instruction  is  progressive,  and  each 
survey  prepares  the  student  to  some  extent  for  those 
that  follow.  For  example,  at  the  beginning  much  time 
is  devoted  to  pacing,  ranging  lines  with  sight  poles,  lev- 
eling with  the  hand  level,  and  to  a  topographical  survey 
based  on  pacing,  ranging  and  hand  leveling.  Such  a 
survey  can  be  executed  rapidly,  and  in  it  the  student 
determines  a  large  number  of  points,  lines  and  levels, 
and  gains  a  much  wider  experience  in  the  rudiments  of 
field  work  than  is  possible  in  the  same  time  if  accurate 
instrumental  work  be  attempted.  This  survey  forms 
an  admirable  introduction  to  work  later  with  the  plane 
table,  and  to  the  topographical  work  required  in  con- 
nection with  the  railroad  survey,  which  surveys  in  turn 
introduce  the  student  to  other  and  more  accurate  topo- 
graphical methods. 

Again,  at  the  beginning  the  work  is  planned  in  such 
a  way  that  the  accuracy  of  the  student's  measurements 
can  be  checked  on  each  individual  determination  of  dis- 
tance, level,  or  direction,  for  which  purpose  the  farm 
is  covered  with  a  large  number  of  permanent  monu- 
ments used  as  stations  and  bench  marks.  We  consider 
this  ability  to  check  the  student's  work  as  vital,  as 
thereby  he  can  be  compelled  to  use  correct  methods 
from  the  start.  In  addition,  so  far  as  it  is  possible, 
each  survey  is  closed ;  so  that  the  students  have  an  inde- 
pendent check  on  the  accuracy  of  their  field  work  and 
computations,  as  in  actual  practice. 

In  the  third  place,  we  have  a  large  equipment  of  in- 
struments so  that  the  survey  squads  are  small,  usually 
three  men.  Formerly  we  were  able  to  give  an  instru- 
ment to  every  two  men,  but  with  the  increasing  size  of 
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the  classes,  we  have  been  forced  for  the  time  being  to 
make  squads  of  three.  With  squads  of  two  or  three 
men,  each  student  has  ample  opportunity  to  become 
familiar  with  the  manipulation  of  the  instrument  in  use 
at  the  time.  Further,  a  student  who  is  learning  the  use 
of  an  instrument  cannot  handle  a  large  number  of  as- 
sistants to  advantage,  or  keep  more  than  one  or  two 
others  usefully  employed. 

Finally,  the  different  squads  are  required  to  turn 
in  finished  maps  and  computations  of  all  surveys  before 
leaving  camp  and  are  not  allowed  to  undertake  a  new 
survey  with  more  than  one  unfinished  report  in  their 
hands.  The  maps  are  not  elaborate,  as  it  is  desired 
that  the  student  shall  spend  as  much  time  in  field  work 
and  as  little  in  office  work  as  is  compatible  with  an 
accurate  and  satisfactory  presentation  of  the  results. 

Pbofessob  Spebb  :  Is  that  work  carried  on  by  men  all 
in  one  class  or  by  men  of  different  classes  t 

Pbofessob  Munboe  :  The  work  lasts  all  summer,  and 
the  three  classes,  about  two  hundred  men  in  all,  report 
in  six  divisions  at  different  dates.  The  work  of  the 
different  divisions  overlap  so  that  at  times  there  are 
as  many  as  one  hundred  and  thirty  men  in  camp.  For 
the  individual  student  the  work  extends  over  two  or 
three  summers,  according  to  the  course  of  study  taken. 
The  first  year  includes  the  pacing  survey,  compass  and 
chain  work,  and  elementary  work  with  the  transit  and 
wye-level.  The  second  summer,  the  student  undertakes 
more  elaborate  work  with  transit,  wye-level,  solar  com- 
pass and  plane  table,  and  the  civil  engineers  make  an 
elaborate  hydrographic  survey,  while  the  mining  stu- 
dents lay  out  a  mining  claim  and  make  a  railroad  sur- 
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vey.  In  the  third  year  the  students  of  civil  engineering 
have  a  course  in  geodetic  field  work,  and  their  railroad 
survey.  For  mining  students  the  third  summer  includes 
geological  field  work  and  an  underground  survey  taken 
in  connection  with  the  summer  classes  in  geology  and 
mining,  and  not  at  Camp  Columbia. 

Dean  Tubkeaube  :  I  want  to  correct  a  misapprehen- 
sion, if  there  is  one,  that  we  rely  on  this  summer  work 
for  all  our  practice  in  surveying.  This  seems  to  be  the 
case  with  a  number  of  institutions  from  the  remarks 
made  here.  Our  facilities  for  doing  field  work  at  the 
university  are  good  and  a  strong  course  is  carried  on 
during  term  time.  Summer  work  is  supplementary. 
It  gives  the  students  greater  facility  with  instruments 
and  valuable  experience  in  party  work. 

Pbofbssob  Swain:  I  want  to  ask  Professor  Munroe 
what  sort  of  instructors  attend  to  this  summer  work  and 
whether  the  regular  staff  are  employed  for  the  purpose. 

Pbofbssob  Munbob:  The  summer  work  is  under  the 
personal  supervision  of  Professor  Lovell,  of  the  depart- 
ment of  civil  engineering. 

The  instruction  is  given  by  him  and  six  assistants 
specially  engaged  for  this  summer  work.  These  are 
recent  graduates  and  sometimes  undergraduates  who 
are  selected  carefully  for  the  work. 

Pbofessob  Louis  E.  Bebeb:  At  the  Pennsylvania 
State  College  there  is  a  practice  term  of  two  weeks, 
immediately  following  commencement,  for  all  the  engi- 
neering departments.  One  hundred  hours  of  instruc- 
tion are  given  in  this  time.  The  civil  engineers  have 
one  hundred  hours  surveying  at  the  end  of  the  fresh- 
man year ;  geodetic  and  topographical  surveying  at  the 
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end  of  the  sophomore  year ;  and  hydrographic  snrvey- 
ing  and  hydranlic  measurements  at  the  end  of  the  jnnior 
year ;  and  they  also  have  testing  materials  in  the  jnnior 
summer  school.  The  work  in  hydrographic  surveying 
and  hydranlic  measurements  is  usually  done  at  a  place 
at  some  distance  from  the  college  where  the  conditions 
are  favorable. 

The  mechanical  and  electrical  engineering  freshmen 
and  sophomores  have  drawing,  shop  work,  and  some 
surveying.  In  their  junior  summer  school  the  electrical 
students  have  testing  materials  and  electric  laboratory 
work.  The  mechanicals  have  testing  materials  and 
steam  laboratory  work. 

In  the  freshman  year  the  mining  engineers  have 
surveying.  In  the  other  years  they  may  have  work  at 
the  college  or  in  the  mines  somewhere  throughout  the 
state.  This  work^  except  in  special  cases,  is  not  in- 
tended to  be  different  from  work  during  the  regular 
term  time  but  is  in  addition  to  that,  being  merely  sup- 
plemental. 

Located  as  we  are  there  is  no  difficulty  in  carrying 
on  a  large  amount  of  field  work  during  the  college  year. 
In  the  summer  school  surveying  there  is  some  class 
work  in  connection  with  it.  In  the  mornings  before  stu- 
dents go  to  work  they  are  given  definite  instructions 
with  reference  to  their  day's  work.  There  is  no  reg- 
ular examination  for  this  work  but  the  students  are 
held  up  to  the  rigid  requirements  of  the  college  the 
same  as  in  term  time  and  no  absences  of  any  kiad  what- 
soever are  permitted. 

The  work  of  this  practice  term  is  conducted  by  the 
same  instructors  as  that  of  the  regular  college  year. 
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but  as  the  nmnbers  taking  one  kind  of  work  at  the  same 
time  are  much  larger,  it  is  necessary  to  add  to  the  force 
of  assistants.  These  are  frequently  obtained  from  the 
graduating  class. 

This  practice  term  begins  immediately  the  day  after 
commencement,  thus  adding  two  weeks  to  our  college 
year.  Only  engineering  students  are  held  for  these  two 
weeks. 

Pbofessob  Swain:  How  to  conduct  the  courses  in 
surveying  is  one  of  the  difficult  problems  before  engi- 
neering schools,  and  there  are  two  ways  of  solving  it— 
by  giving  the  courses  entirely  in  the  summer,  or  by 
giving  them  all  during  the  term.  The  first  plan,  that 
of  giving  them  in  the  summer,  has  the  advantage  of 
relieving  the  work  of  the  term,  and  allowing  more  time 
to  be  given  to  other  subjects,  and  of  concentrating  the 
field  work ;  on  the  other  hand,  it  has  the  disadvantages 
of  interfering  with  summer  work  of  students,  of  keeping 
many  instructors  engaged  through  the  summer,  and  in 
this  way  it  may  put  the  civil  engineering  department 
at  a  disadvantage  as  compared  with  other  departments. 
The  Massachusetts  Institute  of  Technology  is  one  of 
the  schools  that  has  adhered  to  the  second  system  of 
doing  all  field  work  during  the  school  year.  Some  insti- 
tutions, perhaps,  are  not  situated  so  that  this  can  be 
done,  but  we  have  considered  the  matter  very  seriously 
at  the  institute,  and  have  not  as  yet  seen  fit  to  change 
our  method.  We  devote  an  entire  day  of  each  week  to 
field  work  for  each  class,  and  by  dividing  the  classes 
into  sections,  and  assigning  a  difiPerent  day  for  each 
section,  we  are  able  to  obtain  fairly  good  results.  For 
instance,  next  year  we  expect  to  have  for  sophomore 
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surveying  between  one  hundred  and  eighty  and  two 
hundred  students,  who  will  be  divided  into  three  classes 
of  sixty  or  sixty-five  to  each  section,  and  with  each  sec- 
tion during  its  day  in  the  field  will  go  out  one  professor, 
four  instructors  and  seven  assistants,  making  twelve 
teachers,  so  each  teacher  will  have  charge  of  only  five 
or  six  men. 

I  think  it  would  be  interesting  if  we  could  get  some 
quantitative  measure  of  the  relative  efficiency  of  these 
two  methods.  It  is  a  matter  we  have  discussed  care- 
fully, and  while  not  quite  satisfied  with  the  results  we 
get,  we  have  not  seen  how  we  could  make  any  change 
that  would  be  an  improvement.  However,  we  have  not 
observed  that  our  men  compare  unfavorably  with  those 
from  other  schools  in  their  work  after  graduation. 

Pbofessob  Mansfield  Mebbiman  :  Comparing  the  sur- 
veying work  done  during  the  term  time  with  that  done 
during  the  summer,  there  is  no  question  but  that  the 
summer  work  brings  a  man  more  in  contact  with  actual 
conditions  and  enables  him  to  get  better  acquainted  with 
instruments.  The  weak  point  in  the  summer  work  is 
in  regard  to  theory,  which  cannot  be  so  well  taught  as 
at  regular  recitations.  It  is  hence  best  that  a  summer 
course  in  surveying  should  be  followed  by  rigid  exami- 
nations in  the  theory  of  the  subject.  On  the  whole,  it 
is  probable  that  better  results  are  obtained  by  work 
during  the  term,  where  the  theory  can  first  be  thor- 
oughly gone  over ;  then  by  field  work  and  map  drawing 
the  theoretical  principles  are  exemplified,  and  the  course 
is  ended  with  an  examination  on  both  theory  and  prac- 
tice. 

At  Lehigh  University  there  are  four  courses  in  sur- 
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veying'— one  in  land  snrveying,  one  in  topographic  sur- 
veying, one  in  railroad  locating,  and  one  in  geodesy. 
The  conrse  in  topographic  surveying  is  given  during 
the  summer  vacation  in  rough  country  about  twenty- 
five  miles  from  Bethlehem,  while  the  others  are  given 
at  the  university  during  term  time.  It  seems  probable 
that  a  combination  of  term  and  summer  work  may  prove 
to  be  the  plan  which  leads  to  the  best  results. 

Professor  Swain  :  I  ought  to  add,  in  order  that  there 
may  be  no  misunderstanding  of  my  previous  remarks, 
at  our  institute  we  have  an  optional  summer  course 
open  to  students  who  have  completed  the  sophomore 
year,  upon  payment  of  an  additional  fee.  The  student 
taking  the  course  is  excused  from  some  of  the  junior 
year  work.  A  student  may  take  this  course  at  the  con- 
clusion of  the  junior  or  sophomore  year  as  he  may 
see  fit 

Professor  Waldo:  In  connection  with  Purdue  Uni- 
versity the  method  is  to  use  one  day  of  each  week,  solid, 
in  field  work,  and  that  leaves  no  required  summer  work, 
but  the  practice  of  the  instructors  in  the  civil  engineer- 
ing department  is  to  look  out  as  far  as  possible  for  sui- 
table commercial  work  for  the  students  during  the  sum- 
mer. For  instance,  this  summer  Professor  Pence  has 
quite  a  number  of  students  with  him  in  the  extension 
of  an  electric  line  through  a  section  of  the  country  that 
is  a  little  rough  and  difficult.  Professor  Seastone  has 
a  number  with  him,  as  many  as  he  can  use,  in  building  a 
sewer  system  for  a  small  town. 


OPPORTUNITIES  FOR  ENGINEERING  GRAD- 
UATES IN  THE  GOVERN- 
MENT  SERVICE. 

BY  JOHN   F.   HAYFORD, 
Chief  of  Computing  Divisioii  Coast  and  Geodrtic  Survey. 

The  civil  service  of  the  goveminent  is  a  vast  organi- 
zation, including  more  than  a  quarter  of  a  million  peo- 
ple. It  is  an  extremely  complicated  organization, 
partly  on  account  of  the  great  variety  of  the  work  done 
by  it,  partly  because  it  is  a  century's  growth,  not  a 
creation. 

I  shall  deal  only  with  the  opportunities  for  graduates 
in  civil,  mechanical,  electrical  and  mining  engineering. 
The  opportunities  for  engineers  from  West  Point  will 
be  omitted.  They  are  closed  to  others.  The  Isthmian 
Canal  work  will  not  be  included,  as  I  did  not  succeed  in 
becoming  well  posted  in  regard  to  it.  The  positions 
for  which  the  pay  is  less  than  $700  per  year  are  also 
excluded  from  the  statistics  to  be  given.  There  will  be 
included  all  positions  to  which  the  engmeering  graduate 
may  hope  to  rise  by  merit,  not  simply  the  entering 
positions. 

The  statistics  given  are  believed  to  be  suflSciently 
accurate  for  the  purpose  and  are  expressed  in  round 
numbers.  In  cases  of  disagreement  between  different 
authorities  the  figures  which  make  the  government  ser- 
vice less  attractive  are  used. 

Within  the  limits  stated  there  are  2,600  opportunities 
for  engineering  graduates  in  the  government  service. 

(87) 


88  ENQIKEEBING  IN   THE  GOVEBNMEKT  SERVICE. 

For  46  per  cent,  of  these  positions  the  pay  is  between 
$700  and  $1,400  per  year ;  for  about  32  per  cent.,  from 
$1,500  to  $1,900;  for  18  per  cent.,  $2,000  to  $2,900;  for 
three  per  cent.,  $3,000  to  $3,900 ;  and  for  nearly  one  per 
cent.,  $4,000  or  over.  These  figures  are  for  salary  only, 
they  do  not  include  allowances  for  expenses,  subsist- 
ence and  quarters  furnished,  etc.,  which  are  received  by 
many. 

There  are  nearly  700  opportunities  under  the  Chief 
of  Engineers  of  the  army  for  engineering  graduates. 
This  force  includes  180  assistant  engineers  or  super- 
intendents, 150  junior  engineers,  and  70  draftsmen. 
The  lake  survey  is  a  part  of  this  group  of  700. 

There  are  more  than  500  opportunities  in  connection 
with  navy  yards  and  naval  stations.  This  includes  40 
civil  engineers  and  constructors,  and  nearly  400  drafts- 
men. 

In  the  engineering  force  of  the  Reclamation  Service, 
under  the  Geological  Survey,  there  are  360  engineers. 
This  service  is  growing  very  rapidly  and  will  probably 
continue  to  do  so  for  several  years.  Hence,  it  furnishes 
the  best  chance  in  the  government  service  for  the  rapid 
advancement  of  unusually  able  men,  with  the  possible 
exception  of  the  Panama  Canal  work. 

Three  hundred  patent  examiners  are  employed  in  the 
Patent  OflBce. 

In  the  Coast  and  Geodetic  Survey  there  are  140  op- 
portunities for  engineering  graduates;  90  in  the  field 
force,  20  as  draftsmen,  and  20  as  computers. 

There  are  130  opportunities  under  the  General  Land 
Office. 

The    remaining    500    opportunities    are    scattered 
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through  the  service.  The  largest  groups  are  in  the 
Topographic  Branch  of  the  Geological  Survey,  in  the 
Bevenue  Cutter  Service  in  charge  of  marine  engines, 
under  the  Supervising  Architect  as  superintendent,  and 
in  the  engineer  department  of  the  District  of  Columbia, 

New  appointments  are  being  made  at  the  rate  of 
about  200  per  year  to  repair  the  waste  in  the  force  of 
2,600,  and  to  produce  the  steady  expansion  which  is 
normally  in  progress. 

Nearly  all  of  the  2,600  positions  are  in  the  classified 
service,  to  which  entrance  is  guarded  by  the  Civil  Ser- 
vice Commission. 

How  can  a  professor  of  engineering  secure  informa- 
tion in  regard  to  these  examinations,  and  in  regard  to 
positions  in  the  government  service  to  which  his  stu- 
dents may  aspire  f 

By  writing  to  the  Civil  Service  Commission  in  his 
of&^ial  capacity,  he  may  have  the  Manual  of  Examina- 
tions sent  to  him  regularly  twice  a  year.  This  contains, 
for  all  regular  examinations,  the  announcement  of  the 
dates  and  places  of  examinations,  and  of  the  scope  of 
each  separate  examination.  It  also  contains  informa- 
tion as  to  applications  for  examination,  methods  of 
appointment  and  conditions  of  first  employment. 

In  the  same  manner  he  may  secure  the  annual  report 
of  the  Civil  Service  Commission  containing  informa- 
tion in  regard  to  the  manner  in  which  the  Civil  Ser- 
vice Act  has  been  enforced  and  the  civil  service  rules 
applied,  and  in  regard  to  the  general  condition  of  the 
service.  Incidentally,  the  report  indicates  the  relative 
prospects  of  appointment  in  various  lines. 

The  ofScial  register  of  the  United  States  contains  a 
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full  list  of  the  employees  of  the  United  States.  TJnf or- 
tonately,  it  may  not  be  accessible  to  all  of  yon. 

For  many  examinations,  especially  examinations  le- 
qniring  technical  qualifications,  the  Civil  Service  Com- 
mission distribntes  special  printed  announcements 
about  one  month  in  advance  of  the  examination.  Any 
professor  of  engineering  may  have  all  such  announce- 
ments, covering  specified  lines,  sent  to  him  r^ularly 
merely  by  making  a  request  in  writing  to  that  effect. 
The  student,  or  graduate,  may  also,  as  an  individual, 
apply  for  these  announcements  and  receive  them  as 
they  appear. 

Do  not  write  for  an  application  blank  for  an  exami- 
nation which  has  not  yet  been  officially  announced. 

By  using  the  manual  and  annual  rei>ort  and  the 
special  announcements  of  examinations,  the  professor 
of  engineering  may  keep  in  close  toudi  with  nearly  all 
the  opportunities  for  appointment  of  his  graduates  to 
the  classified  civil  service,  except  the  following  two 
large  classes. 

First,  the  five  hundred  positions  which  have  been 
referred  to  in  connection  with  the  navy  yards  and  naval 
stations  are  filled  by  examinations  held  under  the  direc- 
tion of  the  Navy  Department,  not  the  Civil  Service 
Commission.  Many  of  these  examinations  are  adver- 
tised and  held  only  in  the  locality  in  whidi  the  appoint- 
ment is  to  be  made.  Information  in  regard  to  these 
examinations  must  be  obtained  at  the  Navy  Department 
at  Washington,  or  from  the  officers  having  local  charge 
of  the  work. 

Second,  there  are  two  methods  of  entrance  to  the 
position  of  junior  engineer  under  the  Chief  of  Engi- 
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neers;  namely,  by  a  civil  service  examination,  known 
as  the  ^^ civil  engineer,  departmental  service"  examina- 
tion, and  by  promotion  from  lower  grades  in  the  ser- 
vice, under  the  Chief  of  Engineers,  such,  for  example, 
as  inspector,  recorder,  transitman,  levelman,  rodman, 
or  chainman.  Appointments  are  made  to  these  lower 
grades  from  registers  of  eligibles  established  at  vari- 
ous points  by  local  boards  of  civil  service  examiners, 
without  examination.  Any  employee  may  be  promoted 
from  one  of  these  lower  grades  to  the  grade  of  junior 
engineer  on  the  recommendation  of  his  employing 
officer,  provided  he  passes  the  appropriate  examination 
held  under  the  direction  of  the  Civil  Service  Commis- 
sion. If  he  holds  a  diploma  of  graduation  in  an  engi- 
neering course  from  an  approved  technical  school  he 
may,  after  one  year's  service,  be  so  promoted  without 
examination.  This  is  the  class  to  which  your  atten- 
tion  is  especially  called.  For  more  complete  data  ap- 
ply to  the  Chief  of  Engineers  for  the  circular  known  as 
^^information  concerning  positions  under  the  engiaeer 
department  at  large.'' 

Information  in  regard  to  rates  of  promotion,  pros- 
pects of  promotion,  character  of  service  required,  and 
the  conditions  of  service,  must,  in  general,  be  obtained 
from  the  different  bureaus  or  departments  concerned  in 
much  the  same  way  that  it  is  obtained  in  regard  to 
positions  outside  the  government  service;  that  is,  by 
correspondence  or  personal  acquaintance  with  those  in 
charge  or  with  the  employees.  Such  information  can- 
not, except  to  a  limited  extent,  be  obtained  from  the 
Civil  Service  Commission. 

Promotions  in  the  government  service  are  made  on 


92  EKGINEEBINQ  IN   THE  GOVEBNMENT  SEBVICE. 

merit.  Merit  is,  as  a  rule,  ascertained  in  much  the  same 
manner  as  in  any  large  organization,  by  observations 
of  the  employee 's  work  by  his  official  superiors.  It  is 
placed  on  record  by  the  recommendations  of  those 
superiors. 

In  the  Reclamation  Service,  snch  recommendations 
are  all  placed  twice  a  year  in  the  hands  of  a  committee 
ojf  three  men  of  high  rank  in  the  service  who  have 
a  wide  acquaintance  with  the  personnel.  This  com- 
mittee virtually  decides  what  promotions  shall  be  made, 
subject,  of  course,  to  approval.  A  similar  system  is  in 
force  in  the  Geological  Survey  as  a  whole. 

Under  the  Chief  of  Engineers,  promotions  from  junior 
engineer  to  assistant  engineer  depend  ux>on  recommen- 
dations by  the  official  superiors  but  are  also  subject  to 
two  conditions.  The  candidate  must,  at  some  time, 
have  passed  the  civil  engineer  examination  before  the 
Civil  Service  Commission,  and  he  must  possess  the  pro- 
fessional qualifications  that  are  required  for  full  mem- 
bership in  the  American  Society  of  Civil  Engineers.  In 
general,  an  assistant  engineer  is  selected  from  among 
the  junior  engineers  in  the  district  in  which  he  is  to 
serve.  That  is,  the  civilian  employees  in  general  stay 
in  a  given  district  on  the  work  with  which  they  are 
familiar,  though  the  officers  of  the  Corps  of  Engineers, 
under  whom  they  serve,  are  periodic^y  transferred 
from  station  to  station. 

As  a  rule,  any  attempt  on  the  part  of  a  government 
employee  to  bring  political  influence  to  bear  to  secure 
a  promotion  is  interpreted  as  a  confession  on  his  part 
that  he  does  not  feel  that  he  has  sufficient  merit  to 
warrant  promotion.  The  confession  is  apt  to  be  taken 
at  face  value.    Such  confessions  are  rare. 
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The  theory  of  the  system  of  promotion  is  that  since 
the  reputation  of  the  executive  officer  depends  directly 
and  intimately  upon  the  efficiency  of  the  force  under 
him,  he  can  be  depended  upon  for  selfish,  as  well  as 
unselfish,  reasons  to  promote  the  best  men. 

There  is  a  saying  that  in  the  government  service  few 
die  and  none  resign.  How  much  truth  is  there  in  itt 
About  as  much  as  there  is  in  the  mother-in-law  joke. 
In  the  portion  of  the  service  in  which  the  tendency  to 
remain  for  life  is  apparently  greatest,  namely,  in  the 
classified  service  in  Washington,  there  are  about  five 
times  as  many  resignations  as  deaths  each  year.  In 
the  civil  service  as  a  whole,  there  are  about  ten  times 
as  many  resignations  as  deaths. 

Closely  associated  with  the  idea  that  few  die  and 
none  resign  is  the  idea  that  all  work  under  fixed  salary 
lists,  that  no  promotions  can  be  made  except  to  fill  va- 
cancies caused  by  death  or  resignations,  and  that  such 
promotions  are  based  almost  entirely  on  seniority. 
Only  about  one  half  of  the  2,600  engineers  are  paid 
from  a  fixed  salary  list.  The  remainder  are  paid  from 
lump  sum  appropriations.  Where  the  fixed  salary  list 
exists,  seniority  is  considered,  and  properly  so,  in 
making  promotions,  but  it  does  not  control  when  there 
is  a  well-marked  difference  of  merit  in  favor  of  the 
junior. 

An  unsuccessful  attempt  was  made  to  secure  statis- 
tics as  to  the  rates  of  pay  of  engineers  outside  the  gov- 
ernment service  for  comparison  with  those  given  in 
the  first  part  of  this  paper.  I  shall  be  much  indebted 
to  anyone  who  can  put  me  in  the  way  of  obtaining  such 
statistics. 
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In  comparing  the  rates  of  pay  stated  in  this  paper 
with  similar  rates  outside  the  government,  four  advan- 
tages of  the  government  service  shonld  be  kept  in  mind. 
First,  the  government  is  liberal  in  paying  traveling  ex- 
penses and  subsistence,  and  in  some  cases,  in  furnishing 
quarters.  Second,  the  hours  of  service  required  by  the 
government  in  ofSce  positions  are  short.  Third,  the 
government  employee  is  liberally  treated  in  regard  to 
leave  with  pay.  Fourth,  the  engineer  under  the  gov- 
ernment has  more  continuous  service,  as  a  rule,  than 
an  engineer  outside.  Even  under  the  great  corpora- 
tions, such  as  the  largest  of  the  railroad  systems,  the 
service  is  much  less  continuous  than  under  the  govern- 
ment. A  change  among  the  higher  officials  in  a  rail- 
way service  frequently  leads  to  many  changes  in  sub- 
ordinate positions  on  account  of  favoritism.  The  new 
official  brings  with  him  the  subordinates  with  whom  he 
is  acquainted  and  makes  removals  to  provide  room  for 
them.  On  account  of  restrictions  by  the  Civil  Service 
Act  and  rules,  and  for  other  reasons,  these  wholesale 
removals  do  not  occur  in  the  government  service. 

There  is  a  prejudice  against  the  government  service 
on  the  ground  that  young  men  do  not  get  a  chance  to 
develop,  that  they  are  kept  in  minor  positions  with  little 
responsibility,  that  they  lose  energy,  that  their  powers 
of  initiative  remain  undeveloped.  In  so  far  as  engi- 
neers in  the  government  service  are  concerned  this  prej- 
udice bears  little  relation  to  the  facts.  As  a  rule,  the 
young  engineer  is  worked  hard,  and  is  given  all  the 
responsibility  he  is  competent  to  carry.  The  officials 
in  control  are  constantly  hunting  among  their  subor- 
dinates for  men  who  will  stand  responsibility.    In  the 
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Coast  and  Geodetic  Survey  the  captain  of  one  of  the 
steamers  engaged  in  Philippine  surveys,  has  been  out 
of  college  but  five  years,  and  the  commander  of  the 
finest  Survey  steamer  on  the  Atlantic  has  had  but  twelve 
years*  experience  in  the  SuiVey,  and  has  already  been 
in  command  three  and  one  half  years.  The  Govern- 
ment service  has  disadvantages.  They  are  the  dis- 
advantages which  are  inherent  to  service  with  any 
large  organization. 

The  opinion  of  the  average  man  in  regard  to  the  gov- 
ernment service  is  based  on  the  traditions  and  preju- 
dices of  a  generation  ago,  not  on  present  facts.  The 
merit  system  began  to  go  into  effect  but  little  more  than 
twenty  years  ago.  You  are  asked  to  judge  the  service 
by  the  present  facts.  The  speaker  is  confident  that  if 
you  examine  the  facts  thoroughly  you  will  find  that  he 
has  not  overstated  the  case  in  favor  of  Uncle  Sam. 

The  engineering  work  of  the  government  is  done  in 
an  energetic,  e£Scient  manner.  If  you  send  your  best 
graduates  to  it,  you  will  find,  either  that  they  stay  with 
it  because  they  like  it,  or  that  they  will  go  out  into 
other  work  and  will  find  that  their  experience  in  the 
government  service  has  been  a  valuable  training  to 
them.  If  you  send  your  poorest  men  to  us,  you  will 
find  them,  in  time,  squeezed  out  by  better  men. 

Discussion. 

Pbofbssob  C.  Fbank  Allbn:  Can  Mr.  Hayford  tell 
us  what  proportion  of  the  engineers  in  the  government 
service  are  graduates  of  engineering  schools  t  Is  that 
incorporated  in  the  paper  or  can  you  give  us  any  infor- 
mation touching  thatf 
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Mb.  Hayeobd  :  I  can  say  I  cannot  give  yon  the  figures. 
My  impression  is,  if  yon  take  the  men  who  have  come 
in  in  the  last  ten  years  especially,  that  they  are  nearly 
all  men  who  have  had  at  least  a  partial  course.  We 
get  men  frequently  who  come  in  in  their  third  year,  and 
I  think  a  hirge  proportion  of  them  are  engineering  stu- 
dents. It  is  unquestionable  that  in  the  government 
service  the  college  man  is  gaining  steadily.  The  men 
who  came  in  twenty  years  ago  are  now  getting  their 
chances  under  the  merit  system  and  as  they  come  into 
control  it  naturally  follows  they  bring  in  college  men 
for  the  work  under  their  direction.  That  general  state- 
ment holds  throughout  the  government  service  as  well 
as  for  the  engineering  department. 

Pbofessob  Spebb  :  I  want  to  suggest  a  question— this 
question  of  salaries  paid  to  engineers— might  this  not 
be  an  interesting  subject  for  the  thirteenth  census  T 

Mb.  Hatfobd:  I  made  an  unsuccessful  attempt  to 
find  out  about  the  salaries.  I  went  to  an  expert  for- 
merly connected  with  the  Industrial  Commission  and 
later  with  the  Census,  but  who  is  now  one  of  the  gov- 
ernment trust  investigators,  after  having  made  an  un- 
successful attempt  by  myself,  and  he  assured  me  the 
statistics  are  difficult  to  get  for  the  reason  that  private 
concerns  do  not  like  to  have  them  published,  and  neither 
do  the  big  railroads  publish  their  salary  lists,  at  least 
not  in  such  a  way  you  could  separate  the  engineering 
corps  from  the  others  and  ascertain  what  are  the  sepa- 
rate salaries.  You  could  get  at  the  lump  sum.  I  think 
the  situation  is,  it  requires  a  census  to  get  these  figures. 

Pbofessob  Mabbubg  :  I  want  to  ask  whether  the  put- 
ting of  these  civilians  on  with  West  Point  men  is  more 
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satisfactory  than  a  quarter  of  a  centnry  ago.  I  know 
a  half  dozen  men  who  left  the  service  in  the  late  seven- 
ties, who  felt  keenly  the  defects  of  the  system,  partly 
by  reason  of  a  lack  of  continuity  of  operations  and 
because  of  not  being  on  a  fair  footing  as  compared 
with  West  Point  men.  I  know  several  movements  were 
initiated  looking  to  memoralizing  Congress.  I  want  to 
know  whether  the  prejudice  I  have  been  conscious  of 
more  or  less  is  well  or  ill  founded.  The  experience 
obtained  in  government  channels  is  not  as  directly  ap- 
plicable in  civilian  lines,  and  the  man  who  chooses  to 
leave  the  service,  like  the  men  in  the  seventies  and 
eighties,  such  men  as  Cooley,  for  instance,  has  to  go 
back  and  start  all  over  again,  or  at  least  suffer  a  slight 
backset. 

Mb.  Hayfobd:  As  to  the  first  question,  the  question 
of  service  under  the  corps  of  engineers,  the  man  who 
goes  in  that  service  goes  in  with  the  knowledge  that  he 
will  always  have  an  officer,  perhaps  in  uniform,  over 
him,  and,  if  the  sight  of  a  uniform  acts  on  him  like  a 
red  rag  on  a  bull,  he  will  always  be  uncomfortable. 
But  leaving  out  that  feeling,  I  think  I  am  safe  in  saying 
the  men  get  good  treatment  under  the  present  system, 
have  little  to  complain  of  and  can  expect  to  get  up  to 
$3,600.  Speaking  from  personal  experience,  having 
served  two  years  under  the  officers  of  the  corps  of 
engineers,  I  can  honestly  say  that  I  feel  I  would  not 
be  treated  differently  if  under  civil  engineers.  If 
there  is  a  difference  I  was  not  bright  enough  to  dis- 
cover it. 

As  to  the  training  a  man  gets  in  the  government  ser- 
vice unfitting  him  for  work  outside,  I  have  put  that 

(7) 
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question  squarely  to  myself  and  to  men  in  positions  in 
which  they  have  a  broad  view  of  this  matter.  Let  me 
state  both  sides  of  the  answer. 

If  a  man  goes  into  the  government  service  and  does 
his  work  along  a  certain  line,  in  which  the  government 
has  nearly  a  monopoly,  snch  as  topographic  work,  that 
man  after  he  has  been  in  the  service  ten  years  or  so 
has  learned  one  thing  thoroughly,  but  as  it  is  a  thing 
for  which  the  government  has  a  monopoly,  he  cannot 
sell  his  skill  outside.  If  a  man  goes  into  the  government 
service  and  works  on  one  line  continuously  he  becomes 
relatively  unfitted  for  other  lines  of  work  precisely  as 
does  the  man  who  goes  in  railway  work  and  does  that 
one  kind  of  work  for  ten  years.  Perhaps  it  handicaps 
him  from  going  to  anything  else.  But  no  one  railway 
has  a  monopoly  of  railroad  work.  This  is  a  valid  argu- 
ment against  those  lines  of  work  in  which  the  govern- 
ment practically  has  a  monopoly.  But  there  are  very 
few  such  lines. 

In  general  if  the  government  did  its  work  as  the 
people  who  worked  for  it  in  1870  think  it  does,— if  the 
government  in  doing  its  work  gave  its  men  unlimited 
time  and  never  looked  at  the  cost  of  the  work,  never 
hurried  its  employes  or  studied  the  economic  side  of 
the  subject,  then  the  training  would  be  a  training  which 
would  unfit  the  men  for  outside  service.  But  I  think 
I  can  say  that  these  are  not  the  present  conditions. 
The  movement  is  steadily  the  other  way.  The  govern- 
ment is  doing  work  by  business-like  methods  and  look- 
ing to  the  business  world  and  learning  from  it.  In  that 
connection  I  think  you  will  be  interested  in  reading  the 
instructions  of  the  President  of  the  United  States  to 
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a  committee  recently  appointed,  the  whole  tenor  of  the 
instructions  being  to  look  to  the  ontside  world  for  sug- 
gestions and  to  act  on  the  suggestions  if  found  to  be 
good.  The  short  of  it  seems  to  me  to  be  thatwe  are  doing 
government  work  as  business  is  done  outside.  We  are 
trying  to  get  the  work  done  in  the  shortest  and  quickest 
way  of  getting  desired  results.  The  man  who  does 
good  work  gets  such  a  training  as  he  would  outside 
because  it  is  much  the  same  kind  of  training.  One  proof 
of  that  is  the  fact  that  we  find  as  one  of  the  difficult 
problems  that  our  best  men  fall  under  the  eye  of  men 
outside  who  realize  that  their  training  is  good  and  who 
snap  them  up.  That  problem  seems  to  be  steadily  in- 
creasing in  difficulty  as  there  are  many  men  outside 
who  know  that  training  under  the  government  is  good 
training. 


«  ^ 
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THE    ORGANIZATION   OF  A   SCHOOL   OP 

ENGINEERING. 

BY  ARTHUR   H.   FORD, 
Professor  of  Electrical  Engineering,  Georgia  School  of  Technology. 

While  looking  over  the  catalogues  of  several  engi- 
neering schools  recently,  the  writer  was  struck  by  the 
fact  that  they  are  organized  on  almost  as  many  plans 
as  there  are  schools;  which  is  not  to  be  wondered  at 
when  we  consider  that  there  is  no  organic  connection 
between  the  schools  and  that  they  have  been  influenced 
by  various  surroundings ;  from  those  of  a  classical  col- 
lege in  a  rural  community  to  those  of  an  engineering 
school  standing  by  itself  in  a  manufacturing  city.  The 
present  rapid  growth  of  the  enrollment  of  engineering 
schools,  in  many  cases  exceeding  the  growth  of  their 
incomes,  makes  this  an  opportune  time  to  discuss  the 
question  of  organization ;  as  that  which  was  satisfactory 
for  fifty  students  and  a  half  dozen  instructors  is  no 
longer  adequate  when  the  enrollment  has  grown  to  five 
hundred  with  the  corresponding  increase  in  the  number 
of  instructors.  While  the  larger  school  is  more  difficult 
to  organize  so  as  to  secure  the  proper  coordination,  it 
is  apt  to  be  more  efficient  on  account  of  the  fact  that 
each  instructor  has  fewer  subjects  to  teadi. 

The  purpose  of  the  school  of  engineering  may  be 
stated  as  the  training  of  the  student  in  the  application 
of  the  forces  and  materials  of  nature  to  the  require- 
ments of  man.  At  some  future  date  this  school  will 
rank  with  many  schools  of  law,  medicine  and  theology 
••:  .••  :  :  (100) 
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as  a  purely  graduate  school  requiring  the  possession  of 
a  bachelor's  degree  for  admission;  but  at  present  the 
engineering  courses  in  a  university  must  be  put  on  a 
par  with  the  college  courses  leading  to  the  bachelor's 
degree.  The  task  is  then  to  take  the  student  from  the 
high  school  and  in  four  years  (which  is  too  short  a  time) 
give  him  a  thorough  training  in  physics,  chemistry  and 
mathematics,  and  show  how  these  sciences  are  applied 
in  the  solution  of  engineering  problems.  If  time  can 
be  found  the  student  should  study  economics,  history 
and  language  also;  the  first  of  these  being  of  great 
importance  on  account  of  its  bearing  on  labor  problems 
and  the  economic  importance  of  engineering  works.  In 
order  that  the  discussion  may  have  a  definite  basis  let 
us  assume  that  a  school  of  engineering  in  which  courses 
in  civil,  mechanical,  electrical  and  chemical  engineer- 
ing are  given,  and  having  an  attendance  of  five  hundred 
students,  is  to  be  organized  as  part  of  a  university.  A 
school  of  this  size  is  selected  because  it  permits  a  rea- 
sonable division  of  subjects  among  the  teaching  force 
without  having  a  disproportionately  large  faculty ;  and 
one  which  is  part  of  a  university  on  account  of  the  ad- 
vantages of  having  much  of  the  preliminary  instruction 
given  outside  of  the  school  of  engineering. 

A  study  of  the  subjects  taught  in  various  schools 
shows  that  they  may  be  divided  into  three  groups :  pure 
science,  engineering  studies  and  broadening  studies, 
which  will  be  grouped  into  departments  according  to  the 
following  plan:  (1)  All  instruction  in  any  subject  to  be 
given  in  one  department;  (2)  fundamental  subjects 
which  are  required  by  students  in  more  than  one  course 
to  be  given  in  a  separate  department;  (3)  pure  science, 
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langaage,  etc.,  to  be  given  in  the  corresponding  depart- 
ments of  other  schools  in  the  university. 

The  first  point  is  of  especial  importance  in  those  sub- 
jects where  part  of  the  work  is  done  in  the  laboratory ; 
for  one  of  the  difficult  points  in  teaching  such  a  subject 
is  the  coordination  of  the  book  work  with  that  of  the 
laboratory.  This  is  next  to  impossible  of  accomplish- 
ment where  the  laboratory  work  connected  with  sev- 
eral subjects  is  in  a  separate  department,  as  in  many 
institutions  having  a  department  of  experimental  engi- 
neering. In  addition  to  the  difficulty  just  mentioned 
there  is  the  waste  of  laboratory  time  taken  for  explana- 
tions which  might  be  made  much  easier  while  the  sub- 
jeet  is  being  discussed  in  the  class-room. 

The  second  point  makes  it  more  easy  to  avoid  the 
tendency  to  narrow  the  teaching  of  a  subject  (such  as 
analytic  mechanics)  to  that  part  required  for  applica- 
tion to  a  particular  subject  (such  as  machine  design) 
when  the  two  are  taught  in  the  same  department.  This 
tendency  is  sure  to  exist  to  a  slight  extent  no  matter 
how  hard  the  instructor  may  try  to  avoid  it.  When 
this  limitation  of  a  subject  exists  the  student  often  finds 
himself  handicapped  by  lack  of  knowledge  when  he  en- 
counters a  problem  which  was  not  contemplated  by  the 
teacher  of  the  subject. 

The  third  point  encourages  that  association  of  stu- 
dents who  are  engaged  in  entirely  different  lines  of 
thought,  which  is  one  of  the  great  benefits  of  a  univer- 
sity training  on  account  of  the  breadth  of  view  which 
it  gives.  There  is  the  additional  advantage  that  the 
instruction  is  more  apt  to  be  up  to  date  if  given  in  a 
department  which  is  engaged  in  giving  other  than  ele- 
mentary instruction. 
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As  every  engineer  must  know  something  of  his  neigh- 
bor *s  field  there  is  a  necessity  for  two  kinds  of  courses : 
first,  extended  courses  dealing  with  the  theory,  opera- 
tion and  design  of  machines  and  structures ;  and  sec- 
ond, brief  courses  dealing  with  their  operating  charac- 
teristics. The  first  of  these  is  intended  for  the  special- 
ist in  any  line,  while  the  second  is  for  specialists  in 
related  lines  and  has  for  its  object  the  giving  of  suffi- 
cient  information  to  enable  the  engineer  to  select  appar 
ratus  and  machinery  with  intelligence,  or  know  when  to 
call  another  specialist  into  consultation. 

On  the  basis  just  given  the  following  departments  of 
instruction  will  be  required,  the  subjects  taught  in  each 
being  given  after  the  name  of  the  department : 

Courses  in  the  School  of  Engineering : 

Heat  engineering— steam  engines,  gas  engines,  air 
engines,  heating  and  ventilatmg. 

Electrical  engineering- dynamo  electric  machinery, 
electric  distribution  of  energy,  electric  power  stations, 
telephone  and  telegraph. 

Chemical  engineering— industrial  chemistry,  electro 
chemistry,  metallurgy. 

Civil  engineering— surveying,  roads  and  pavements, 
railway  location  and  operation,  water  supply  and  sew- 
erage systems. 

Machine  and  structural  design— kinematics  of  ma- 
chinery, machine  design,  bridge  and  building  design, 
masonry  design. 

Mechanics— analytic  mechanics,  mechanics  of  mate- 
rials, hydraulics. 

Drawing— freehand  and  instrumental  drawing,  de- 
scriptive  geometry. 
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Mechanical  practice~-wood  work,  metal  wo]i[,  shop 
organization  and  management. 

Courses  in  other  Schools: 

Hiysics— general,  thermo  dynamics,  electro  dynamics. 

Chemistry— general. 

Mathematics. 

Geology. 

Astronomy. 

Language. 

History. 

Eccmomics. 

Law  of  Contracts. 

The  subjects  under  each  department  heading  are  not 
intended  to  include  all  the  subjects  which  may  be  taught 
in  that  department  but  only  the  principal  ones.  Li 
general  closely  related  subjects  have  been  placed  in  the 
same  department  so  as  to  increase  the  teaching  eflSdency. 

The  department  of  heat  engineering  is  a  departure 
from  the  precedent  of  American  schools,  but  such  a 
department  exists  in  fact,  if  not  in  name,  and  it  exists 
both  in  fact  and  name  in  one  or  more  European  schools. 
In  it,  it  is  the  intention  to  place  all  subjects  relating  to 
the  transmission  of  heat  and  its  conversion  into  median- 
ical  energy  or  the  opposite. 

The  department  of  electrical  engineering  should  in- 
clude all  subjects  relating  to  the  transmission  of  elec- 
trical energy  and  the  mutual  transformations  of  elec- 
trical and  mechanical  energy,  whether  for  the  primary 
purpose  of  transmitting  power  or  iatelligence. 

The  department  of  chemical  engineering  should  in- 
clude the  industrial  applications  of  chemistry  in  the 
production  of  compounds  or  the  transformation  of  chem- 
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ical  energy  into  heat  or  electrical  energy,  or  the  reverse. 
Though  electro  chemistry,  including  the  subject  of  elec- 
tric batteries,  is  usually  placed  in  the  department  of 
electrical  engineering,  there  is  little  more  reason  for 
placing  it  there  than  there  would  be  for  placing  indus- 
trial chemistry  in  the  department  of  heat  engineering 
because  most  chemical  operations  either  absorb  or  give 
out  heat.  Then,  too,  electrochemical  processes  require 
for  their  direction  a  greater  knowledge  of  chemistry 
than  of  electricity. 

It  is  difficult  to  decide  what  subjects  to  place  in  the 
department  of  civil  engineering  on  account  of  its  being 
the  parent  of  the  other  departments.  Here  it  is  limited 
to  the  subjects  of  surveying  and  the  transportation  of 
materials. 

The  department  of  machine  and  structural  design 
is  made  a  combination  because  most  machines,  traveling 
cranes  for  example,  have  to  be  designed  as  static  struc- 
tures as  well  as  machines. 

The  department  of  mechanics  includes  both  mechan- 
ics of  materials  and  hydraulics  because  they  are  both 
merely  extensions  of  analytic  mechanics. 

The  department  of  drawing  should  include  drawing 
in  all  its  branches :  machine,  map  and  structural,  both 
free  hand  and  instrumental,  for  these  subjects  are  fun- 
damental and  are  used  by  all  students. 

The  department  of  mechanical  practice  should  in- 
clude, in  addition  to  the  use  of  tools,  a  discussion  of 
shop  organization  and  the  cost  of  production ;  which  are 
subjects  usually  neglected. 

Of  the  departments  in  other  schools  only  those  of 
physics  and  chemistry  will  be  mentioned.    The  placing 
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of  thermodynamics  and  electrodynamics^  including  al- 
ternating currents,  in  the  department  of  physics  is  due 
to  the  fact  that  they  are  both  fundamental  subjects 
required  by  students  in  several  departments.  The 
same  reason  exists  for  separating  the  department  of 
chemical  engineering  from  that  of  chemistry  that  there 
is  for  separating  electrical  engineering  from  physics, 
viz.,  that  one  concerns  itself  with  the  application  to 
engineering  problems  of  the  principles  studied  in  the 
other. 

There  may  be  some  objection  to  this  grouping  from 
the  standpoint  of  laboratory  equipment;  however  a 
careful  study  will  show  that  if  the  laboratories  are  all 
in  use  at  one  time,  very  little  can  be  saved  in  equip- 
ment by  having  the  common  combination  of  heat  and 
mechanical;  and  electrical  and  physical  laboratories, 
while  the  disadvantage  of  having  the  laboratory  in- 
struction in  a  different  department  from  the  book  work 
is  very  great,  as  has  already  been  mentioned.  At  first 
thought  it  might  seem  that  power  might  be  taken  from 
the  same  line  shaft  for  the  different  laboratories,  but 
this  is  not  advisable  on  account  of  the  difficulty  of  speed 
regulation.  Better  results  can  be  obtained  by  having 
a  separate  source  of  power,  either  engine  or  electric 
motor,  for  each  laboratory.  One  strong  point  in  favor 
of  a  common  laboratory  is  the  question  of  repairs, 
where  the  laboratory  is  large  enough  to  employ  the 
whole  time  of  a  mechanician.  This  need  not  put  the 
separate  laboratories  at  a  disadvantage,  however,  if 
there  are  one  or  more  mechanicians  employed  regularly 
by  the  department  of  mechanical  practice ;  in  fact,  this 
may  prove  advantageous  on  account  of  the  opportunity 
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which  it  gives  students  to  see  how  work  is  done  in  the 
shop. 

Very  little  can  be  said  regarding  the  personnel  of 
the  teaching  force  without  entering  upon  a  discussion 
of  the  relative  sizes  of  the  various  classes  and  the 
schedule  of  studies ;  both  of  which  are  outside  the  scope 
of  this  paper.  The  executive  head  of  the  school  would 
be  the  dean,  under  the  president  of  the  university. 
Each  department  would  have  a  professor  at  its  head, 
of  whom  the  dean  would  be  one,  with  as  many  assistant 
professors  and  instructors  under  him  as  the  number  of 
courses  and  students  required.  The  number  of  persons 
giving  instruction  should  be  such  that  no  one  is  required 
to  spend  more  than  fifteen  hours  per  week  in  the  lecture 
room  or  twenty-five  hours  in  the  laboratory;  further- 
more, no  division  should  have  more  than  twenty-four 
students  in  it  except  for  lectures,  when  two  or  more 
divisions  may  be  profitably  combined. 

Discussion. 

President  McNair  :  The  paper  is  before  you  for  dis- 
cussion. 

Secretary  Ketchum:  I  have  a  written  discussion 
from  Professor  Magruder,  which  I  will  read. 

Professor  Wm.  T.  Magruder  (by  letter) :  I  would 
suggest  that  the  subject  of  machine  design  and  struc- 
tural design  be  separated  and  given  to  different  in- 
structors ;  or  else  that  machine  design  be  made  a  part 
of  the  department  of  heat  engineering  and  that  bridge 
and  masonry  design  be  made  subjects  in  the  department 
of  civil  engineering. 

I  would  advocate  the  transfer  of  thermo-dynamics 
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from  the  department  of  physics  to  the  department  of 
heat  engineering  (usually  called  mechanical  engineer- 
ing), unless  it  can  be  taught  by  a  steam  engineer. 
Thermodynamics,  as  a  culture  study,  doubtless  belongs 
to  the  department  of  physics,  but  when  taught  as  an 
engineering  study  in  an  engineering  college,  it  surely 
belongs  in  the  department  of  mechanical  engineering. 
This  point  can  be  elucidated  by  reference  to  the  text- 
books now  in  print  and  in  use  on  this  subject  in  this 
country,  and  to  their  authors. 

Pbesident  MgNaib:  Is  there  further  discussion  T  I 
understood  Professor  Ford  to  say  that  part  of  the  work 
was  given  in  physics  which  had  to  be  taken  by  every 
engineer  outside  of  electrical.  I  want  to  ask  if  the  civil 
engineer  could  not  take  the  course. 

Propbssob  Ford:  The  speaker  would  reply  that  the 
quantitative  side  of  alternating  current  phenomena  is 
inadequately  taught  in,  or  entirely  omitted  from,  most 
courses  in  physics,  thereby  requiring  that  the  subject 
be  taught  in  the  electrical  engineering  department. 

Pbofessob  Mabbubo  :  The  same  objection  had  occurred 
to  the  speaker  in  regard  to  hydraulics  which  should  be 
taught  by  the  man  who  teaches  hydraulic  engineering. 
In  my  opinion  the  course  in  structures,  in  connection 
with  mechanical  engineering,  should  be  entirely  differ- 
ent in  scope  from  that  for  civil  engineering,  and  the 
same  observation  applies  to  other  subjects.  I  desire 
to  call  attention  also  to  the  omission  of  reference  to 
the  study  of  the  materials  of  construction,  including 
testing. 

Pbofessob  Fobb  :  The  testing  of  materials  is  included 
in  mechanics  of  materials,  under  mechanics.    There  is 
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no  intention  to  limit  each  subject  given  to  one  course, 
but  the  idea  is  to  have  each  subject  taught  in  one  de- 
partment only ;  instead  of  having  hydraulics,  for  exam- 
ple, taught  in  the  mechanical,  electrical  and  civil  engi- 
neering departments  as  each  has  use  for  the  subject. 

Pbofessob  Wauk):  I  want  to  make  one  suggestion, 
possibly  a  criticism.  I  think  that  most  people  who 
come  in  contact  with  our  mathematicians  of  to-day  and 
understand  the  mathematical  value  of  geometry,  agree 
in  saying  that  a  serious  defect  in  the  mathematical 
courses  in  our  schools  of  the  liberal  arts  is  the  fact  that 
descriptive  geometry  is  not  as  a  rule  taught  there  as  a 
mathematical  subject.  Now,  my  feeling  in  reference 
to  that  subject,  having  taught  it  for  a  number  of  years 
in  technical  schools,  is  this— that  probably  the  best  re- 
sults to  the  student  from  the  study  of  geometry  will 
come  by  that  subject  being  handled  by  a  mathematical 
department.  Whether  that  agrees  with  the  feeling  of 
the  engineers  or  not  I  cannot  say,  but  I  have  had  stu- 
dents come  to  me  many  a  time  after  a  course  in  mathe- 
matics which  included  descriptive  geometry,  in  which 
they  said  that  descriptive  geometry  as  thus  taught  co- 
ordinately  with  other  mathematical  work  was  the  sub- 
ject from  which  they  received  the  greatest  help. 

There  is  one  other  suggestion  and  that  is  this:  I 
think  if  you  study  the  development  of  Ann  Arbor,  for 
instance,  or  any  other  of  our  western  universities  where 
the  engineering  departments  are  being  worked  out  side 
by  side  with  schools  of  the  liberal  arts,  the  tendency 
is  beginning  to  appear  to  separate  the  mathematical 
department  into  two  departments,  the  engineering 
mathematics   and  mathematics   for   the   liberal   arts 


110      OBGANIZATIOK   OF  A  SCHOOL  OF  ENGINEERING. 

courses,  and  my  feeling  has  been  in  connection  with 
tiie  school  where  I  am  located,  that  just  at  present  the 
mathematician  stands  almost  nowhere.  He  can  clas- 
sify himself  neither  in  the  science  department  nor  in 
the  engineering  department.  The  people  in  the  science 
department  talk  of  zoology,  of  chemistry  and  things 
of  that  kind,  so  he  doesn't  belong  with  them;  the  people 
in  the  engineering  department  look  at  him  askance. 
They  will  not  own  him  because  he  is  visionary  and  im- 
practical. He  wastes  the  time  of  his  students.  Much 
that  he  does  must,  in  their  opinion,  be  undone.  And 
so  the  mathematician  has  no  place  to  put  the  soles  of 
his  feet.  I  think,  however,  the  tendency  is  to  divide 
the  mathematical  departments,  forming  a  section  on 
one  side  which  shall  teach  mathematics  from  the  stand- 
point of  the  liberal  arts,  and  a  section  on  the  other  side 
from  the  standpoint  of  engineering. 

Professob  C.  Frank  AujEn  :  Apparently  there  is  op- 
portunity for  discussion  upon  the  matter  of  the  stand- 
point from  which  descriptive  geometry  shall  be  taught. 
The  tendency  of  the  institution  with  which  I  am 
connected  is  in  the  direction  of  making  descriptive 
geometry  a  part  of  drawing  and  teaching  from  the 
drawing  side  rather  than  from  the  mathematical  side, 
and  there  are  many  other  institutions  in  which  the  same 
course  is  pursued.  I  did  not  rise  for  the  purpose  of 
saying  this  point  of  view  is  the  correct  one,  but  I  do 
wish  to  say  it  is  a  point  of  view  that  does  prevail  to  a 
considerable  extent ;  and  there  does  appear  a  good  deal 
of  reason  and  belief  that  it  may  be  right  from  the  fact 
that  great  success  does  attend  the  teaching  of  descrip- 
tive geometry  from  that  standpoint ;  I  presume  that  is 
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a  sufficiently  disputed  point  so  it  may  not  be  well  for 
us  to  waste  a  large  amount  of  energy  at  this  time  in 
discussing  that  particular  feature.  It  would  perhaps 
be  better  to  leave  it  as  one  of  the  disputed  points,  and 
possibly  later  we  can  take  it  up  and  thresh  it  out. 

Pbofessob  a.  N.  Talbot  :  I  merely  want  to  second  the 
suggestion  that  in  any  institution  the  department  of 
mathematics  in  so  far  as  it  affects  the  engineer  should 
be  in  the  department  of  the  college  or  school  of  engi- 
neering. The  man  at  the  head  of  the  department  should 
be  a  part  of  the  engineering  school  and  should  be  a  thor- 
ough engineer  or  a  man  who  is  in  sympathy  with  engi- 
neering training. 

Pbofessob  Swain:  The  point  I  made  was  that  the 
teaching  of  mathematics  should  be  the  same  for  all  stu- 
dents. I  am  unable  to  see  why  we  should  have  differ- 
ent ways  of  teaching  students  of  engineering  from  the 
methods  followed  in  teaching  students  in  college. 

Pbofessob  Waldo  :  If  I  may  answer  briefly,  my  sym- 
pathies, of  course,  have  been  for  a  good  many  years  in 
the  line  of  trying  to  make  mathematics  understandable 
by  giving  it  physical  illustration  from  the  beginning, 
and  I  do  not  know  that  I  have  any  objection  to  saying 
that  for  the  kind  of  elementary  mathematics  required 
of  students  in  the  so-called  liberal  arts  course  this  is 
also  the  best  method  of  treatment.  But  much  of  mod- 
em mathematics  whidi  enters  into  the  equipment  of  the 
well-read  pure  mathematician  can  have  no  possible 
physical  representation.  Here,  of  course,  some  other 
treatment  is  necessary. 

Pbofessob  Swain  :  I  do  not  think  I  made  myself  clear. 
I  agree  that  there  are  certain  parts  of  mathematics 
which  the  engineer  does  not  need ;  but  why  should  there 
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be  a  difference  in  the  method  of  teaching  mathematics 
in  one  class  from  that  in  another?  That  I  cannot  un- 
derstand. 

Pbofessob  Fobd  :  There  was  one  point  made,  and  that 
was  the  question  of  thermo-dynamics.  The  reason  I 
put  it  in  physics  was  that  it  is  required  not  alone  by 
the  steam  engineer,  but  by  the  chemist. 

Pbofessob  Swain  :  While  I  do  not  teach  mathematics, 
if  I  did  I  should  teach  it  in  the  same  way  to  any  student 
who  had  the  same  preparation,  whelher  a  civil  engi- 
neering student  or  a  student  of  any  other  branch,  though 
I  do  not  mean  to  say  that  I  should  teach  the  same  por- 
tions of  the  subject  to  all  students.  I  further  wish  to 
urge  here  the  importance  of  training  the  imagination, 
and  the  great  advantage  in  this  direction  that  is  pos- 
sessed by  the  study  of  descriptive  geometry.  This 
branch  trains  the  imagination  as  few  mathematical 
branches  do,  and  imagination  is  one  of  the  most  im- 
portant faculties  of  the  engineer.  Many  engineers  lack 
this  faculty  in  great  degree.  It  can  also  be  trained 
in  the  analytical  branches  of  mathematics,  if  the  student 
is  required  to  interpret  his  own  equations,  and,  as  it 
were,  visualize  his  results.  The  distinction  which 
Leibnitz  made  between  knowledge  that  is  intuitive  and 
knowledge  that  is  symbolical  is  of  great  importance. 
I  think  the  great  trouble  in  mathematical  courses  as 
they  are  taught,  especially  in  colleges,  is  due  to  the 
idea  that  they  should  be  taught  simply  as  a  means  of 
so-called  mental  training,  without  any  idea  of  ever 
using  it.  Most  of  the  men  who  study  it  in  this  way, 
when  they  have  completed  their  course,  find  themselves 
powerless  to  make  any  use  of  what  they  have  studied. 

Pbofessob  H.  P.  Talbot  :  I  am  not  quite  sure  that  I 
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dearly  understand  Mr.  Ford's  point  of  view  with  re- 
spect to  the  chemical  instruction  for  chemical  engineers. 
It  must  be  confessed  that  chemical  engineering  is  a 
profession  which  has  not  yet  f uUy  taken  shape,  and  it 
is  a  little  diflScult  to  properly  define  what  belongs  to  it. 
The  chemical  engineer  has,  I  believe,  been  defined  as 
one  who  is  not  only  familiar  with  the  written  chemical 
equation  and  its  meaning,  but  has  also  the  ability  to 
ultimately  surround  that  equation  by  a  plant,  thus  en- 
dowing it  with  productive  capacity,  so  to  speak.  Such 
a  man,  it  seems  to  me,  must  be  primarily  a  chemist,  and 
must  have  received  a  fundamental  training  in  that  sci- 
ence, together  with  so  much  of  the  training  of  an  engi- 
neer as  the  available  years  will  permit.  Assuming  the 
truth  of  this,  it  seems  to  me  that  the  chemical  instruc- 
tion, because  it  is  of  such  prime  practical  importance, 
should  rather  be  under  the  general  supervision  of  those 
more  closely  in  touch  with  engineering  and  technical 
interests  than  is  often  the  case  in  the  university ;  that 
is,  as  has  been  said  in  regard  to  mathematics,  the  in- 
struction should  be  given  with  due  reference  to  the  ulti- 
mate use  which  the  student  will  make  of  the  informa- 
tion acquired.  Such  instruction  must  include  a  liberal 
amount  of  pure  science  and  chemical  theory.  What  has 
been  said  applies  less  directly  to  subjects  of  this  char- 
acter than  to  analytical,  organic  or  technical  chemistry. 
Pbofessob  Ford:  The  contemplated  relation  of  the 
department  of  chemistry  to  that  of  chemical  engineer- 
ing is  the  same  as  that  of  physics  to  mechanical  or  elec- 
trical engineering,  namely,  the  former  concerns  itself 
with  general  chemical  phenomena  and  theory,  while  the 
latter  concerns  itself  with  the  application  of  these  laws 
to  chemical  manufacture. 
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The  rapid  growth  of  the  tedmical  schools  thronghont 
the  country  has  forced  npon  those  responsible  for  their 
success  a  more  careful  study  of  the  conditions  governing 
the  efficient  instruction  of  large  numbers  of  students. 
A  pedagogical  plan  which  is  perfectly  satisfactory  with 
a  small  student  body,  utterly  fails  when  the  classes  be- 
come larger. 

Most  of  the  technical  schools  are  now  facing  this 
problem  and  the  purpose  of  the  present  paper  is  to 
bring  about  a  discussion  of  this  important  topic. 

A  number  of  salient  facts  in  this  connection  are  as 
follows : 

1.  The  bulk  of  technical  instruction  must  be  given  in 
large  schools.  This  follows  from  (a)  The  expensive 
equipment  necessary;  (fe)  the  expensive  corps  of  spe- 
cialists required;  (c)  the  attractiveness  of  the  large 
schools  to  the  students.  As  evidence  of  this  proposi- 
tion it  is  only  necessary  to  cite  the  unprecedented 
growth  of  the  large  schools. 

2.  The  efficient  instruction  of  large  classes  is  difficult. 
Teaching  cannot  be  done  in  a  wholesale  manner.  Mem- 
bers of  very  large  classes  are  apt  to  lose  many  advan- 
tages of  smaller  groups.  Some  of  the  losses  are:  (a) 
Personal  contact  with  the  mature  members  of  the  fac- 
ulty;  (b)  coordination  of  the  several  courses  of  the  cur- 
riculum; (c)  ample  facilities  for  laboratory  work. 

(114) 
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3.  Large  classes  have  certain  advantages.  In  spite 
of  the  difficulties  mentioned  the  results  of  the  work  of 
the  large  schools  have  been  excellent.  The  results  are 
due  to:  (a)  The  stimulation  to  hard  work  when  many 
are  after  the  same  object,  through  rivalry  and  the  en- 
thusiasm due  to  numbers ;  (&)  The  large  numbers  make 
possible  the  employment  of  high-grade  specialists  who 
inspire  the  students;  (c)  the  students  of  the  large 
schools  profit  by  the  reputation,  given  thereto  by  the 
specialists. 

In  common  with  the  other  technical  schools,  Sibley 
College  has  been  forced,  by  stress  of  numbers,  to  con- 
sider ways  and  means  for  increasing  the  efficiency  of 
instruction.  Each  department  of  the  college  has  been 
engaged  in  the  study,  with  the  result  of  increased  coop- 
eration among  the  departments  and  better  coordination 
of  the  several  courses. 

For  the  sake  of  briefness,  this  discussion  will  be 
confined  to  the  study  of  the  subject  made  by  the  elec- 
trical engineering  department.  This  department  has 
been  forced,  because  of  the  increasing  demands  upon  its 
facilities,  to  adopt  methods  of  instruction  obviously  not 
of  the  best,  pending  a  rearrangement  of  the  entire  sys- 
tem. Lectures  were  employed  where  recitations  would 
have  been  better  and  the  amount  of  laboratory  instruc- 
tion was  not  as  great  as  was  desirable.  There  was 
also  a  lack  of  coordination  of  lecture  and  recitation 
courses,  design  courses  and  laboratory  courses.  As  a 
result  of  years  of  experience  and  study  the  curriculum 
has  greatly  improved  and  the  teaching  force  has  been 
enlarged  and  otherwise  strengthened.  The  gradual  in- 
crease in  the  tax  upon  the  instructional  force  of  the 
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department  is  shown  by  the  increase  in  student-hours 
of  instruction  from  250  in  1890  to  3,300  in  1905. 

In  the  consideration  of  the  possible  methods  of  in- 
struction, it  was  found  that  the  methods  to  be  employed 
with  large  classes  must  lie  between  the  two  extremes 
which  may  be  called  for  convenience  the  **  specialist 
plan"  and  the  '* group  plan.'*  By  the  former  is  meant 
that  in  which  each  mature  teacher  confines  himself  to 
his  specialty,  while  in  the  other  each  professor  takes  a 
group  of  students  through  a  number  of  closely  allied 
subjects,  in  this  way  giving  them  the  advantages  of 
personal  acquaintance  with  himself  and  of  the  coordi- 
nation of  the  courses  taught  by  him. 

The  natural  tendency  is  toward  the  * '  specialist  plan,  *  * 
for  each  teacher  prefers  to  teach  that  which  most  inter- 
ests him.  This  is  right  to  a  certain  extent,  but  it  is 
accompanied  by  the  danger  that  the  average  student 
may  be  lost  sight  of.  A  highly-trained  specialist  is  apt 
to  consider  as  elementary,  subjects  far  beyond  the  reach 
of  the  students,  and  it  is  difficult  for  him  to  appreciate 
their  attitude  toward  the  subject. 

Another  fact  is  that  coordination  of  courses  taught 
by  specialists  is  apt  to  be  difficult  as  each  teacher  prop- 
erly and  naturally  views  other  courses  from  the  stand- 
point of  his  own.  It  is  evident,  therefore,  that  it  takes 
more  than  an  aggregation  of  specialists  to  make  a  suc- 
cessful school  and  the  mental  training  of  a  student 
under  such  a  plan  would  not  be  complete. 

The  group  plan  goes  to  the  opposite  extreme  and 
its  possibilities  were  carefully  considered  in  planning 
the  new  courses  for  Sibley  College.  The  purpose  of 
the  plan  is  primarily  to  produce  direct  personal  contact 
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between  mature  teachers  and  their  pupils.  The  pur- 
pose would  be  achieved  by  dividing  the  classes  into 
small  groups  which  would  be  instructed  in  laboratory 
and  class-room  by  the  same  teachers,  who  would  be 
able  to  coordinate  the  various  electrical  subjects  taught 
and  thus  prevent  mental  confusion  and  loss  of  time  on 
the  part  of  the  students. 

As  a  result  of  the  study  of  these  and  other  teaching 
plans,  it  was  decided  that  neither  extreme  plan  was 
applicable.  The  next  step  was  to  prepare  a  modified 
group  plan  and  a  modified  specialist  plan  for  purposes 
of  comparison. 

In  Sibley  College  electrical  instruction  is  given  to 
all  mechanical  engineers  (including  electrical  engineers) 
in  the  junior  year,  and  special  electrical  instruction  is 
given  to  those  who  desire  to  specialize  in  electrical  en- 
gineering in  the  senior  year.  It  is  assumed  in  this 
study  that  instruction  would  be  given  to  a  maximum 
of  320  juniors  and  100  seniors.  Each  junior  would 
take  but  one  half  year  and  the  number  would  be  di- 
vided between  the  two  terms,  making  160  to  be  in- 
structed per  term.  The  senior  work  extends  through- 
out the  year. 

A  Modified  Group  Plan  as  Adapted  to  Conditions  at 

Sibley  College. 

This  modified  plan  involves  the  employment  of  spe- 
cialists who  would  teach  mature  students  those  ad- 
vanced subjects  for  which  they  are  fitted  and  to  which 
they  are  inclined.  The  larger  part  of  the  time  is  de- 
voted to  fundamental  subjects.  The  group  plan  applies 
in  this  case  to  the  fundamental  subjects  only. 
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The  junior  class  would  be  divided  into  groups  of  a 
maximum  number  of  forty,  while  for  recitations  and 
lectures  the  junior  class  would  be  divided  into  sections 
of  twenty  men  each  and  for  laboratory  work  into  sec- 
tions of  ten  men  each.  The  senior  class  would  be  di- 
vided into  sections  of  twenty  men  each,  which  could 
be  readily  handled  as  these  men  would  be  reasonably 
familiar  with  the  subjects  taught.  The  plan  contem- 
plates that  all  actual  teaching  would  be  done  by  the 
professor  or  assistant  professor  in  charge  of  each 
group.  Each  professor  or  assistant  professor  would 
have  an  assistant  who  would  attend  to  clerical  matters, 
including  the  examination  of  reports,  and  who  would 
see  that  the  students  did  no  harm  to  the  machinery. 
The  assistant  would  be  with  the  class  at  all  times  to 
insure  their  prompt  and  regular  attendance  and  to 
care  for  the  apparatus  in  use,  but  the  professor  would 
supervise  the  entire  work  and  assure  himself  that  the 
class  was  deriving  the  proper  benefit  from  it.  The 
course  given  to  all  juniors  in  Sibley  College  and  to 
seniors  in  the  College  of  Civil  Engineering  would  con- 
sist of  the  following  parts :  One  lecture  per  week  to  each 
half  group,  preceding  the  laboratory  period ;  one  labo- 
ratory period  per  week  for  each  quarter  group;  one 
recitation  per  week  for  each  half  group  following  the 
laboratory  period  and  covering  the  experimental  work 
and  regular  assigned  text. 

The  accompanyiQg  diagram  illustrates  how  this 
would  work  out.  In  the  diagram  the  group  **X*'  (con- 
taining forty  men)  is  that  of  one  professor,  who  for 
convenience  we  will  call  Professor  K.  V.  Ampere.  It 
is  divided  for  laboratory  purposes  into  XI,  X2,  X3  and 
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X4.  Sections  XI  and  X2  attend  lectures  and  recita- 
tions together  as  do  also  X3  and  X4.  XI  and  X2  have 
a  lecture,  say,  on  Monday  at  eight.  XI  reports  for 
laboratory  from  nine  to  twelve,  X2  from  two  to  five  on 
Monday.  They  report  together  for  recitation  on  Tues- 
day at  twelve.  X3  and  X4  have  their  lecture  on  Wed- 
nesday at  eight  and  their  laboratory  periods  similar  to 
those  of  XI  and  X2.  They  recite  together  on  Thurs- 
day at  twelve.  Professor  Ampere  is  thus  occupied  with 
junior  work  from  eight  to  five  on  Monday  and  Wednes- 
day and  from  eleven  to  twelve  on  Tuesday  and  Thurs- 
day. 

The  senior  work  which  would  be  given  to  electrical 
engineers  only  would  comprise  the  following:  One  illus- 
trated  lecture  per  week  preceding  the  laboratory  period 
for  the  group ;  two  laboratory  periods  per  week  on  the 
same  day  for  the  group;  two  designing  room  periods 
per  week  on  the  same  day  for  the  purpose  of  working 
up  the  results  of  laboratory  work  for  the  group. 

For  convenience  Professor  Ampere's  senior  group 
will  be  called  *  *  M. ' '  As  shown  in  the  diagram  he  meets 
them  from  eight  to  eleven  and  from  two  to  five  on 
Tuesday  for  laboratory  work  and  from  eight  to  eleven 
and  from  two  to  five  on  Thursday  in  the  designing  room 
for  the  working  up  of  their  data.  The  group  is  also 
allowed  one  university  hour  credit  per  week  for  home 
work  in  putting  the  report  into  shape  for  presentation. 
On  Friday  at  eight  Professor  Ampere  lectures  to  the 
class  on  the  general  subject  covered  by  the  laboratory 
work.  He  therefore,  spends  with  the  seniors  from 
eight  to  eleven  and  from  two  to  five  on  Tuesday  and 
Thursday,  and  from  eight  to  nine  on  Friday. 
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Professor  Ampere's  weekly  schedule  appears  as  in 
the  accompanying  diagram.  It  will  be  noted  that  he 
has  a  very  full  schedule  but  he  would  not  be  actually 
with  the  class  all  of  the  time  shown.  He  would,  how- 
ever, be  on  hand  and  available  for  instruction  during 
this  time  and  would  spend  a  certain  proportion  of  the 
time  with  the  class,  but  his  work  would  not  be  of  an 
exacting  nature  and  it  would  therefore  not  be  excessive. 

Bn^untxD  Juviob  Coubsb. 


Gredil 

Nature  of  Work. 

Prof«8K>r*s  Time 
Beqoired. 

Awiitant's  Time 
Required. 

1  hoar. 
1  hoar. 
1  hoar. 
1  hoar. 

Lectare. 

Laboratory  (4  sections). 
Home  work  on  reports. 
Recitation  (2  sections). 

1  hoar. 
6  hoars. 

2  hoars. 

4  hoars. 
12  hoars. 

2  hoars. 
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9  hoars. 

18  hoars. 

BiQuntED  SEinoB  Coubsb. 


Credit. 

Natoie  of  Work. 

FrofesK)r>8  Time 
Required. 

AMiitant's  Time 
Required. 

1  hoar. 

2  hoars. 
2  hoars. 
1  hoar. 

Lectare. 

Laboratory  (1  section). 
Class  work  on  reports. 
Home  work  on  reports. 

1  hoar. 

2  hoars. 
2  hoars. 

4  hoars. 
6  hoars. 
6  hoars. 

Total 
Grand  total. 

6  hoars. 
14  hoars. 

16  hours. 
34  hoars. 

The  work  of  Professor  Ampere  and  his  section  would 
be  duplicated  in  the  cases  of  other  groups  except  that 
the  arrangement  of  the  days  would  be  different.  There 
is,  however,  no  reason  why  different  sections  should 
not  overlap,  providing  that  the  class-room  space  is 
ample.  As  far  as  the  laboratory  is  concerned  there 
would  be  no  difficulty.  The  table  shown  above  gives 
the  disposition  of  the  time  and  credit  in  the  courses  as 
outlined. 
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It  will  be  noted  that  Professor  Ampere  could  have 
all  of  Saturday  and  practically  all  of  Friday  free,  and 
the  other  professors  would  be  similarly  situated.  This 
time  is  allowed  for  elective  work,  of  which  it  is  expected 
each  professor  would  offer  a  certain  amount  and  for 
which  each  student  would  be  allowed  a  reasonable 
amount  of  credit. 

It  would  be  expected  that  at  least  the  following 
courses  would  be  thus  offered:  (a)  Design  of  electrical 
machinery;  (6)  design  of  electric  power  plants  and 
transmission  systems;  (c)  electric  railway  engineering; 
(d)  telephone  engineering;  (e)  experimental  thesis 
work;  (/)  finance  and  history  of  electrical  engineering; 
(g)  advanced  electrical  theory. 

A  Modified  Specialist  Plan  as  Adapted  to  Conditions 
AT  SiBLET  College,  and  as  Finally  Adopted. 

As  previously  pointed  out  the  important  feature  to 
be  safeguarded  when  a  number  of  teachers  are  assigned 
to  specialties  is  the  coordination  of  the  several  courses. 
If  the  three  main  divisions  of  the  work,  laboratory, 
design  and  analysis,  can  be  made  to  fit  well  together, 
the  results  will  be  satisfactory.  These  three  features 
may  be  compared  to  the  sides  of  an  equilateral  triangle, 
all  being  equally  important.  In  each  of  these  parts 
two  grades  must  be  recognized,  fundamental  and  ad- 
vanced. 

Laboratory  practice  is  the  basis  of  all  successful 
work,  as  the  student  must  first  learn  facts  before  he  can 
explain  the  phenomena  which  he  sees.  The  elementary 
grade  of  the  laboratory  work  consists  in  experimental 
work,  determining  the  performance  of  machines  as  they 
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are  ordinarily  used  in  practice.    Advanced  students 
only  are  prepared  to  undertake  research. 

The  designing  courses  are  not  primarily  intended  to 
cover  creative  design,  the  skill  for  which  can  only  be 
secured  by  experience.  Instead  of  this  the  student  in 
the  designing  room  works  out  first  the  characteristic 
curves  of  electrical  machines  from  data  experimentally 
secured  in  the  laboratory.  In  addition,  he  produces 
curves  from  the  constants  of  these  and  other  machines 
by  methods  which  have  been  given  him  in  the  class- 
room. He  is  thus  able  to  study  the  performance  of  ma- 
chines of  larger  size  than  those  which  he  can  possibly 
meet  in  a  college  laboratory.  Creative  design  is  re- 
served for  those  students  who  have  exhibited  a  liking 
for  this  line  of  work  and  who  have  completed  their 
elementary  studies. 

The  class-room  exercises  consist  of  analytical  studies 
of  the  characteristic  performance  of  various  electrical 
machines  and  other  electric  circuits.  The  student 
learns  to  analyze  the  performance  of  these  machines 
and  circuits  by  means  of  fundamental  physical  and 
mathematical  laws.  His  attention  is  directed  to  the 
difference  between  rational  and  empirical  formulas. 
This  work  is  illustrated  by  means  of  problems  worked 
out  in  the  designing  room  and  experiments  performed 
in  the  laboratory. 

In  order  to  make  these  remarks  more  concrete,  below 
is  given  a  statement  of  the  courses  which  it  is  proposed 
to  give  in  the  electrical  department  at  Sibley  College : 

Junior  Cowrie.— Non-electrical  engineers,  laboratory 
work  and  recitations  thereon.    Four  hours,  half  year. 

Junior  Cowrie.— Electrical  engineers.    Laboratory 
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work  and  recitations  thereon.  Three  hours,  half  year. 
Becitations  in  analytical  work.    Three  hours,  half  year. 

Senior  Course  (Required).— Electrical  engineers. 
Lectures  on  general  electrical  engineering,  including 
machinery  and  applications.  Two  hours,  entire  year. 
Designing,  covering  performance  characteristics  and 
structural  details  of  electrical  machinery.  Three  hours, 
half  year.  Laboratory  work  and  recitations  thereon. 
Four  hours,  entire  year. 

Senior  Courses  (Optional).— Electrical  engineers. 
( Students  must  take  eight  hours  from  this  list. )  Thesis 
work,  four  hours  or  eight  hours,  half  year ;  electric  rail- 
ways, four  hours,  half  year ;  telephone  engineering,  four 
hours,  half  year;  design  of  electrical  machinery,  four 
hours,  half  year;  power  generation  and  distribution, 
four  hours,  half  year. 

Discussion. 

Pbofessob  C.  Frank  Allen  :  The  statement  is  made 
that  ^  ^  the  bulk  of  the  technical  instruction  must  be  given 
in  large  schools. ' '  I  am  disposed,  in  one  sense  at  least, 
to  question  that  statement.  Further,  the  statement  is 
made,  **It  is  only  necessary  to  cite  the  unprecedented 
growth  of  large  schools.''  The  matter  that  has  im- 
pressed me  especially  in  connection  with  the  growth  of 
engineering  schools  is  that  such  little  fellows  as  the 
University  of  Missouri  and  the  Iowa  State  College,  and, 
if  Professor  Waldo  will  excuse  me,  Purdue,  have  grown 
in  a  very  short  time  from  small  schools  into  what  we 
must  consider  to  be  schools  of  very  considerable  size, 
and  if  the  author  of  this  paper  wishes  to  say  that  if 
we  are  to  find  schools  which  have  had  tremendous 
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growth  we  will  have  it  in  schools  that  have  already 
become  somewhat  large,  I  presmne  we  caimot  altogether 
dispute  that. 

After  reading  the  paper  somewhat  carelessly,  one  is 
almost  led  to  believe  that  it  is  the  duty,  if  you  wish  to 
have  success,  to  send  your  boy  to  a  large  school.  I  was 
afraid  those  connected  with  the  small  schools  might  feel 
some  disinclination  to  take  issue  in  this  matter  and 
perhaps  it  would  be  worth  while  for  me  to  question  the 
statement  in  the  form  in  which  it  is  liable  to  be  taken. 
If  you  wish  to  say  that  the  engineering  schools  are 
becoming  large  and  that  therefore  the  problem  of  hand- 
ling such  schools  is  becoming  a  more  general  problem, 
and  that  we  must  all  the  way  along  face  the  question  of 
teaching  engineering  in  schools  of  considerable  size, 
therefore  it  is  a  matter  for  discussion  as  to  how  it  shall 
be  done ;  that  is,  of  course,  quite  true.  But  I  distinctly 
think  it  worth  while  to  say  that  in  my  opinion  the 
smaller  school  has  a  definite  field  of  usefulness  and  that 
we  should  not  assume  too  readily  that  the  large  school 
is  the  place  to  go  for  a  technical  education ;  we  should 
resist  getting  that  point  of  view  too  firmly  implanted 
in  our  minds.  I  have  become  rather  critical  in  looking 
at  this  particular  matter  and  the  impression  which  the 
paper  made  upon  my  mind  at  first  was  something  in 
the  direction  of  the  idea  that  I  have  been  trying  to 
dispel. 

Secbetaby  Ketohum:  I  have  a  discussion  by  Pro- 
fessor Magruder. 

Pbopessob  William  T.  MAGBin)EB(by  letter) :  I  would 
add  a  fourth  advantage  due  to  large  classes.  As  they 
require  a  larger  teaching  force,  the  students  come  into 
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contact  with  a  larger  number  of  instmctors,  and  learn 
of  them  as  engineers  something  of  their  points  of  view 
of  the  profession,  and  also  gain  experience  in  dealing 
with  them  as  men. 

The  writer  would  object  to  a  "group  of,  say,  forty 
students  under  the  sole  charge  of  an  assistant  pro- 
fessor," for  the  reason  that,  first,  the  group  is  too 
large  for  any  one  man  to  handle  successfully  in  recita- 
tion, in  laboratory  work  and  in  problems  in  design; 
and  second,  the  student  will  not  receive  as  broad  train- 
ing as  he  would  if  he  came  into  contact  with  three  dif- 
ferent minds,  each  a  specialist  in  recitation  work,  or 
in  laboratory  work  or  in  design.  He  believes  that  three 
specialists  are  to  be  preferred  to  one  general  instructor. 


THE  PROGRESS  AND  INFLUENCE  OF  TECHNICAL 

EDUCATION. 

BY   VICTOR   C.  ALDERSON, 
President  Colorado  School  of  Mines. 

With  the  new  century  opening  before  us,  with  potent 
influences  in  sociological,  industrial  and  political  mat- 
ters exerting  themselves,  it  is  wise  for  us,  as  educators, 
to  take  a  view  of  the  educational  field  and  discover,  if 
we  can,  what  part  of  the  field  has  already  been  suffi- 
ciently cultivated  and  in  what  part  there  lies  the  great- 
est harvest  for  the  future.  The  education  of  the  clois- 
ter is  gone  forever;  the  classics  still  retain  their  in- 
fluence in  selected  quarters ;  but  scientific  education,  as 
a  demand  of  the  age,  has  advanced  with  amazing  ra- 
pidity. The  latest  phase,  however,  is  the  application 
of  science  to  industry,  and  the  schools  are  being  called 
upon  to  do  their  part  in  advancing  civilization,  by  train- 
ing young  men  to  more  useful  lives  in  industrial  and 
commercial  pursuits. 

The  Period  Before  1851. 

During  the  half  century  before  1851  scientific  study 
was  so  meager  and  withal  so  theoretical  that  it  had  not 
reached  the  masses.  The  names  of  bright  students  and 
able  investigators  did  appear,  but  the  realm  of  avail- 
able science  was  small  compared  with  the  almost  bound- 
less realm  of  to-day.  The  broad  work  of  applying  sci- 
ence had  not  begun,  so  that  the  status  of  technical  edu- 
cation was  extremely  low,  not  only  in  England  but  in 
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other  European  countries,  and  in  the  United  States. 
The  present  high  grade  Technische  Hodischulen— or 
technical  universities— of  Germany  and  Austria,  like 
the  Berlin  school  founded  in  1799,  the  Vienna  school  in 
1851,  that  at  Karlsruhe  founded  in  1825,  the  Munich 
school  in  1827,  Dresden  in  1828,  Stuttgart  in  1829,  and 
Darmstadt  in  1836,  were  then  only  elementary  indus- 
trial, trade,  or  building  schools.  The  same  was  true 
of  the  present  Imperial  Technical  Institute  of  St. 
Petersburg  (1828)  and  the  Institute  of  Riga  (1832). 
The  Imperial  Technical  Institute  of  Moscow  was 
founded  in  1832  in  order  to  give  the  inmates  of  a 
foundling  asylum  a  trade  education.  In  Paris  there 
was  the  Ecole  Polytechnique  and  Ecole  des  Ponts  et 
Chausses  (1794).  In  the  United  States  there  existed 
only  the  Bennselaer  Polytechnic  Institute,  founded  in 
1824,  and  the  Lawrence  and  Sheffield  Scientific  Schools 
founded  respectively  in  1846  and  1847.  In  1821  agri- 
culture was  taught  in  the  Lyceum  at  Gardiner,  Maine, 
and  in  1824  a  school  of  agriculture  was  opened  at 
Derby,  Connecticut  In  Sweden,  the  Polytechnic  Insti- 
tute of  Stockholm  (1825)  and  the  Chalmers  Industrial 
School  at  Gk)teborg  (1811)  were  both  in  the  trade  school 
stage.  The  latter,  indeed,  was  originally  an  adjunct 
to  an  orphan  asylum.  The  Technical  Institute  at  Co- 
penhagen,  Denmark,  founded  by  private  enterprise  as 
a  trade  school,  had  just  begun  its  work.  Nowhere  was 
there  a  single  high  grade  technical  school,  and  in  the 
few  schools  existing  the  technical  instruction  was  ex- 
ceedly  meager. 
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The  London  Exhibition  of  1851. 

Modem  technical  education  is  a  direct  result  of  the 
London  Exhibition  of  1851.  Here^  for  the  first  time  in 
history,  an  opportunity  was  given  on  a  large  scale  to 
compare  and  contrast  the  industrial  products  of  all  na- 
tions. With  this  epoch-making  object  lesson  real 
progress  in  technical  education  began.  At  that  time 
no  one  saw  its  far-reaching  effects  more  clearly  than 
Albert,  the  Prince  Consort.  He  was  statesman  enough 
to  see  that  a  nation  deficient  in  natural  resources  might, 
by  a  high  cultivation  of  science,  become  a  keen  rival  of 
a  country  more  favorably  endowed  by  nature  but 
neglectful  of  scientific  attainments.  Had  he  lived 
longer  he  would  have  seen  his  ideas  fully  realized  in 
the  industrial  success  of  Germany  and  Switzerland. 
Becognizing,  however,  even  then  the  value  to  England 
of  trained  engineers,  artisans,  scientists  and  artists,  he 
suggested  that  the  profits  of  the  exhibition,  $900,000, 
increased  by  a  Parliamentary  grant  of  $750,000  to 
$1,650,000,  be  expended  in  providing  a  permanent  home 
for  an  institution  to  be  devoted  to  spreading  a  knowl- 
edge of  science  and  art.  His  suggestion  was  adopted 
and  the  money  was  expended  in  purchasing  the  Ken- 
sington estate  which  was  for  forty-seven  years  the  home 
of  the  Department  of  Science  and  Art,  and  now  is  the 
home  of  the  Central  Technical  College,  the  Royal  Col- 
lege of  Science,  and  the  University  of  London.  Conse- 
quent upon  the  efforts  of  the  Prince  Consort  and  those 
associated  with  him,  the  Department  of  Science  and 
Art  at  South  Kensington  was  founded  in  1853.  By 
its  work  the  history  of  industrial  England  has  been 
profoundly  affected.    It  was  a  pioneer  in  the  great 
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work  of  making  science,  art  and  industry  interdepen- 
dent Many  of  its  methods  were  nniqne,  and,  in  the 
light  of  later  investigation  and  research,  not  always 
the  best.  However,  it  mnst  be  granted  that  the  great 
problem  of  the  need  of  technical  education  was  first 
clearly  recognized  here  and  that  a  solution  was  at- 
tempted according  to  the  best  light  of  the  times. 

The  Pebiod  1851-1871. 

During  the  succeeding  twenty  years,  1851-1871,  con- 
siderable advance  was  made.  In  Switzerland  the  Fed- 
eral Polytechnicum  at  Zurich  was  founded  in  1851,  des- 
tined to  contest  with  Berlin  the  honor  of  being  the 
greatest  technical  school  in  Europe.  In  England  the 
Department  of  Science  and  Art  at  South  Kensington, 
London,  was  organized  in  1853.  In  Austria,  a  technical 
school  at  Budapesth,  Hungary,  was  begun  in  1856.  In 
1863  technical  institutes  were  organized  at  Milan  and 
Naples.  In  Germany,  the  Stuttgart  school  had  risen 
to  the  rank  of  a  Technische  Hochschule  in  1862,  and 
the  Darmstadt  school  in  1868.  At  Aachen  a  new  school 
was  organized  in  1870.  In  the  United  States  the  most 
noteworthy  events  were  the  founding  of  the  Massachu- 
setts Institute  of  Technology  in  1861,  and  the  passage 
of  the  Morrill  Land  Grant  in  1862,  the  beneficial  effects 
of  which  upon  technical  education  we  are  now  enjoying 
in  almost  every  state  of  the  union.  In  Norway,  Mr. 
H.  Christie,  of  Christiania,  submitted  to  the  Storthing 
in  1868  his  famous  plan  for  technical  education  in  Nor- 
way—a plan  embracing  technical,  Sunday  and  evening 
schools  for  mechanics,  elementary  technical  schools  of 
a  practical  character,  and  a  polytechnic  institute  of  the 
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highest  grade  at  Christiaaia.  This  plan  has  since  been 
put  into  execution  and  upon  it  as  a  basis  the  technical 
education  of  Norway  has  developed.  In  the  same  year, 
1868,  the  Imperial  Institute  of  St.  Petersburg  was  re- 
organized as  a  hi^er  technical  school.  During  this 
span  of  twenty  years  the  general  tendency  was  towards 
a  higher  and  more  scientific  grade  of  instruction. 
Schools  which  started  in  a  humble  manner  gradually 
took  on  ihe  characteristics  of  modem  technical  educa- 
tion. As  the  year  1851  marked  the  first  feeble  efforts, 
so  the  year  1871  is  noteworthy  as  the  date  when  devel- 
opment, as  we  now  recognize  it,  began  with  a  vigor  and 
an  impetus  which  have  given  results  remarkable  from 
any  point  of  view— the  increase  of  the  number  of  stu- 
dents, the  money  expended,  the  character  of  the  schools 
or  the  enhanced  industrial  eflBciency. 

Period  prom  1871-1893. 

With  the  close  of  the  Franco-Prussian  War  in  1871 
begins  the  period  of  most  rapid  progress  in  all  lines  of 
technical  education.  After  the  unification  of  the  Ger- 
man states  a  new  economic  force  became  apparent. 
Economic  supremacy  appeared  as  a  goal  to  be  reached 
through  the  aid  of  science  and  technology.  The  indi- 
vidual German  states  vied  with  each  other  in  im- 
proving the  equipment,  strengthening  the  teaching 
force,  and  raising  the  standards  of  their  technical 
schools.  In  1879  the  Bau-Akademie  and  the  Gewerbe- 
Akademie,  trade  and  building  schools  of  long  stand- 
ing, were  consolidated  to  form  the  present  Charlotten- 
burg  Technische  Hochschule,  at  Berlin.  In  1879  the 
school  at  Hanover,  in  1885  Karlsruhe,  and  in  1890 
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Dresden,  advanced  to  the  position  of  Teehmsche  Hoch- 
schule.  Not  alone  in  the  higher  schools  but  in  trade, 
building,  industrial,  manual  training,  evening  and  ex- 
tension schools  improvement  was  marked,  so  that  to- 
day the  opportunities  for  obtaining  a  technical  train- 
ing of  any  character  are  greater  in  Germany  than  in 
any  other  country  on  the  globe.  The  amount  of  money 
expended  on  these  schools  is  enormous,  and  the  great 
efficiency  attained  is  admitted  by  all  investigators  of 
the  subject.  However  large  the  expense  may  be  the 
Germans  believe  that  a  full  equivalent  is  returned  to 
them  in  an  enhanced  industrial  efficiency.  Although 
progress  is  most  marked  in  Germany,  other  countries 
have  not  been  idle.  Norway,  Sweden  and  Denmark 
have  copied  the  German  system  and  have  a  well-organ- 
ized system  of  technical  education  with  high  grade  tech- 
nical institutes  at  Stockholm,  Goteborg,  Christiania, 
Bergen,  Trondjhem  and  Copenhagen.  Russia  has  fol- 
lowed the  lead  in  the  higher  work  and  has  well-ap- 
pointed imperial  technical  institutes  at  St.  Petersburg, 
Biga,  Warsaw,  Kiev  and  Cracow.  In  1896  the  Insti- 
tute at  Moscow  was  reorganized  and  remodelled  on  the 
plan  of  the  Institute  at  St.  Petersburg.  In  Austria 
great  strides  have  been  made  in  all  lines  and  the  Tech- 
nische  Hochschule  at  Vienna  ranks  with  the  best  in 
Germany.  In  Switzerland  steady  and  persistent  prog- 
ress has  been  made  in  organizing  a  system,  with  the 
Federal  Polytechnicum  at  Zurich  at  the  head,  which 
provides  for  the  technical  education  of  all  classes  of  its 
people.  The  industrial  life  of  Switzerland  depends  in 
no  small  measure  upon  the  skill  and  knowledge  obtained 
in  her  technical  schools.    France,  too,  has  advanced,  as 
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her  nnmeroTis  trade  and  indnstrial  schools  attest.  In 
England  evening  schools,  polytechnics  of  trade  school 
character,  and  technical  schools  of  an  inferior  grade 
have  flourished  apace.  Less  advance  in  high  grade 
technical  instruction  has  been  made  in  England  than  in 
any  other  European  country.  The  Central  Technical 
College  of  London,  founded  as  late  as  1884,  and  a  few 
other  engineering  colleges  furnish  the  only  professional 
engineering  instruction  in  the  United  Ejngdom.  The 
influence  of  the  Department  of  Science  and  Art  and 
the  numerous  attempts  to  teach  a  trade  under  the  pseu- 
donym of  mechanical  engineering  has  resulted  in  a 
dearth  of  high  grade  technical  men  and  a  plethora  of 
half  trained  workmen.  In  the  United  States,  as  a  re- 
sult of  the  Morrill  Land  Grant  Act,  technical  education 
of  an  engineering  character  has  entered  practically 
every  one  of  our  state  universities.  Private  munifi- 
cence  has  also  added  many  independent  schools  to  the 
list. 

The  Pebiod  fbom  1893. 

As  the  London  Exhibition  of  1851  was  the  time  in  the 
middle  of  the  century  when  technical  education  began, 
so  the  World's  Columbian  Exposition  at  Chicago  in 
1893  marks  the  beginning  of  that  educational  technical 
movement  of  which  we  are  now  a  part.  During  the  last 
decade  advancement  has  been  phenomenal  and  the  de- 
mand for  technical  education  never  was  so  great  as  at 
the  present  time.  Never  has  greater  attention  been 
given  to  the  subject.  England  is  thoroughly  alarmed 
at  the  possibility  of  losing  her  commercial  supremacy. 
At  the  organization  of  the  Municipal  Technical  School 
of  Manchester  a  committee  was  sent  to  the  continent 
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and  another  to  this  country  to  investigate  the  subject 
of  technical  education.  Besides  individual  educators 
and  members  of  Parliament  who  have  come  here,  the 
Mosely  delegation  of  thirty  British  workmen  made  an 
exhaustive  study  of  the  industrial  situation  and  tech- 
nical education.  Educators  from  Norway,  Sweden, 
Russia,  France,  Switzerland  and  Germany  have  also 
been  attracted  to  the  United  States  by  the  remarkable 
progress  we  have  made.  While  the  presidents  of  lit- 
erary colleges  are  spending  much  of  their  time  in 
'^stumping"  the  country,  like  so  many  politicians,  ad- 
vertising the  advantages  of  their  colleges  and  making 
frantic  efforts  to  increase  their  attendance,  the  enrol- 
ment of  the  technical  schools  has  been  steadily  increas- 
ing, without  pomp  or  bluster,  more  rapidly  proportion- 
ately than  the  enrolment  in  high  schools,  colleges  or 
universities,  and  even  faster  than  population.  In  the 
South  there  is  clearly  apparent  an  awakening  sense  of 
the  necessity  of  more  technical  skill  to  develop  her  re- 
sources. The  introduction  of  textile  schools,  and  the 
application  of  technical  arts  in  the  education  of  the 
negro  are  only  forerunners  of  a  great  movement  for 
more  extended  work  in  other  lines.  The  farmer  in  the 
West  has  learned  that  the  agricultural  schools  and  ex- 
perimental stations  connected  with  the  state  univer- 
sities are  of  an  economic  advantage  to  him  and  his  sons. 
Mining  industries  have  found  that  schools  of  mining 
engineering,  located  at  convenient  centers,  are  bene- 
ficial in  supplying  their  need  of  trained  engineers  and 
metallurgists.  The  increase  of  manual  training  schools 
in  all  parts  of  the  country  is  so  rapid  that  it  is  difficult 
to  find  a  supply  of  well  qualified  instructors.    During 
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the  past  decade  the  technical  school  in  the  United  States 
which  has  not  largely  increased  its  enrolment,  its  equip- 
ment and  buildings  is  decidedly  the  exception.  This 
tendency  towards  technical  education  is  full  of  meaning 
to  those  who  are  studying  the  industrial  development 
only  in  the  educational  aspect  of  the  movement. 

The  Pbesent. 

A  survey  of  the  field  of  technical  education  shows, 
first,  a  group  of  high-grade  engineering  schools  pre- 
paring young  men  for  the  leading  positions  in  profes- 
sional, industrial,  and  educational  callings.  These 
schools  are  increasing  their  laboratory  facilities,  year 
by  year,  and  are  steadily  improving  their  instruction  in 
mathematics,  physics  and  chemistry,  as  a  basis  for  good 
engineering  practice.  The  development  in  this  field 
will  be  the  extension  of  the  work  beyond  the  require- 
ment for  the  bachelor's  degree  or  the  engineering  de- 
gree. Just  as  medical  schools  add  a  year  or  more  of 
post-graduate  study,  so  engineering  schools  in  the  near 
future  will  extend  their  work  into  the  realm  of  post- 
graduate work.  The  need  of  engineering  education 
beyond  the  stage  reached  to-day  in  the  ordinary  col- 
lege was  apparent  to  such  a  far-sighted  educator  as  the 
late  President  William  R.  Harper,  of  the  University 
of  Chicago.  No  engineering  college  has  yet  been  organ- 
ized in  the  university,  but  the  plans  contemplate  a 
school  that  shall  tower  above  all  other  schools  of  its 
kind  as  the  university  itself  towers  above  the  small 
college. 

A  further  survey  of  the  field  discloses  a  number  of 
**cut,  fit  and  try-on''  schools.    These  do  not  devote 
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their  energies  to  any  one  subject  or  stratum  of  educa- 
tion. They  may  teach  art,  high  school  studies  in  gen- 
eral, engineering,  photography,  stenography,  cooking, 
dress  making,  library  economy,  or  any  other  subject  for 
which  there  is  sufficient  demand  to  form  a  class.  These 
schools  form  an  essential  link  between  the  older  and 
the  newer  phases  of  education ;  they  show  the  tendency 
of  the  age ;  in  them  the  exi)erimental  educational  work 
is  done  and  later  si>ecial  schools  are  founded  to  carry 
on  the  work  begun  here  in  a  small  and  tentative  man- 
ner. As  evidence  of  this  witness  the  course  in  library 
economy  established  by  Armour  Institute  of  Tech- 
nology in  1893  and  after  a  few  years  of  successful  life 
adopted  by  the  University  of  Illinois ;  also  the  numerous 
schools  of  domestic  economy  following  on  the  heels  of 
the  successful  courses  given  at  Armour. 

Another  tendency  now  almost  universally  recognized 
as  important  but  ridiculed  a  few  years  ago,  is  the  corre- 
spondence schools.  These  schools  betake  themselves  to 
the  student  wherever  he  may  be  and  lay  before  him 
knowledge  that  he  should  possess.  While  it  is  true 
that  much,  if  not  most,  of  the  information  given  him 
could  be  purchased  at  a  price  much  less  than  he  pays 
the  correspondence  school,  still  the  student  is  not  fa- 
miliar with  technical  literature  and  would  not  know 
what  to  buy.  The  correspondence  schools  make  the 
selection  and  the  student  pays  the  bill.  When  all  is 
said,  however,  about  the  superiority  of  the  living 
teacher  over  the  printed  page,  it  still  remains  true 
that  there  are  ^'many  of  us"  and  that  it  is  impossible  to 
open  too  many  avenues  for  those  who  desire  instruc- 
tion.   There  should  be  no  aristocracy  of  learning.    Let 
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each  one  get  all  he  can  in  the  way  easiest  for  him  and 
let  no  one  fortunate  enough  to  secnre  a  high  grade 
engineering  education  begrudge  the  lone  engine  man 
far  removed  from  books,  schools,  or  persons  of  educa- 
tion, the  little  he  may  glean  from  his  correspondence 
papers.  William  E.  Curtis,  the  celebrated  correspon- 
dent of  the  Chicago  Record-Herald,  never  thought  he 
was  conducting  the  greatest  correspondence  school  in 
the  world,  nor  did  his  vast  number  of  readers  ever  real- 
ize that  they  were  taking  a  corresponding  course,  until 
the  advent  of  the  correspondence  school.  Yet  the  fun- 
damental ideas  in  both  lines  of  work  are  identical.  The 
idea  of  the  correspondence  school  is  the  one  fact  in 
educational  annals  of  the  past  twenty  years  that  stands 
out  prominently  because  of  its  pure  bigness.  Probably 
not  less  than  two  million  people  in  the  United  States 
have  taken  one  or  more  courses  in  some  correspondence 
school. 

Closely  allied  to  this  plan  of  educational  work  is  the 
broad  field  of  secondary  technical  education.  As  the 
higher  grade  of  engineering  education  is  an  integral 
part  of  the  college  work,  so  this  secondary  technical 
education  should  be  an  integral  part  of  the  high  school 
education.  The  commissioned  officers  of  an  industrial 
army  may  be  trained  in  colleges  of  engineering,  but 
another  school  is  necessary  for  the  sergeants,  corporals, 
and  intelligent  enlisted  man.  This  department  has 
been  explored  only  to  a  slight  extent.  We  may  expect 
rich  harvests  when  the  ground  is  more  thoroughly  cul- 
tivated. The  work  of  the  agricultural  college  in  giving 
short  courses  to  farmers,  and  in  holding  farmer 's  insti- 
tutes, is  only  an  extension  of  the  regular  technical  work 
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to  the  needs  of  the  agricultural  industry.  It  is  a  most 
commendable  effort,  is  in  thorough  harmony  with  the 
advancing  spirit  of  the  times,  and  can  be  productive 
only  of  good. 

The  trade  school  in  the  United  States  does  not  hold 
such  an  important  place  as  it  does  in  Europe.  The 
cleavage  lines  in  society  are  so  clearly  marked  that 
the  boy  bom  to  a  lowly  position  in  life  is  quite  willing 
to  banish  ambition,  to  enter  a  trade  school,  and  to  be- 
come a  skilled  mechanic.  With  us  the  boundless  ambi- 
tion of  the  young  American  too  often  entices  him  to 
aspire  beyond  his  capabiUties  and  spurn  a  trade  school. 
Also,  the  influence  ^rom  pedagogical  circles  is  so 
strongly  exerted  for  a  *' symmetrical  development*' 
that  trade  schools  are  rated  below  educational  par. 
However,  the  demand  for  them  is  keen  and  they  are 
being  established  because  of  their  economic  value. 
There  are  six  building  and  mechanical  trade  schools  in 
New  York  and  Brooklyn,  three  in  Boston,  two  in  San 
Francisco,  and  two  in  Philadelphia.  New  York  has 
two  brewing  academies;  Chicago  and  Milwaukee  one 
each.  Philadelphia,  Lowell,  New  Bedford  and  Atlanta 
have  textile  schools.  Chicago,  St.  Louis,  Omaha, 
Peoria,  Waltham,  Winona  and  La  Porte  have  watdi 
making  and  engravers'  schools.  The  universities  of 
Wisconsin  and  Minnesota,  and  the  Iowa  College  of 
Agriculture  have  schools  of  dairying.  For  dress  mak- 
ing, millinery  and  the  domestic  arts  and  science,  schools 
exist  in  Boston,  New  York,  Brooklyn,  St.  Louis  and 
Philadelphia.  Eight  cities  contain  schools  to  teach 
barbering.  St.  Louis  has  a  school  for  railway  teleg- 
raphers ;  Effingham,  lillinois,  a  college  of  photography, 
and  New  York  an  academy  for  ship  builders. 


PB0GRBS8  OF  TECHNICAL  EDUCATIOK.  139 

Still  another  extension  of  technical  education  is  to  be 
noticed  in  our  large  cities  where  technical  schools  have 
opened  their  doors  in  the  evening  and  have  invited 
students,  employed  during  the  day,  to  enter  and  learn 
what  they  can.  These  night  schools  are  exceedingly 
common  in  England,  so  common  that  they  have  under- 
mined the  influence  of  the  regular  day  schools  and  have 
implanted  the  erroneous  idea  in  the  mind  of  the  average 
young  English  man  that  he  can  work  all  day,  go  to 
school  at  night,  and  still  be  successful  in  each  case. 
Such  we  know  to  be  fallacious.  The  true  conception  of 
night  school  work  is  that  it  is  only  a  means  of  securing 
essential  facts,  but  is  not  education  in  its  truest  sense. 
The  Germans  have  not  made  this  mistake  and  empha- 
size the  necessity  of  giving  undivided  attention  either 
to  educational  work  or  to  industrial  work,  but  not  to 
combine  the  two.  Interesting  in  connection  with  even- 
ing instruction  by  technical  schools  is  the  use  of  local 
centers  or  technical  clubs,  with  home-rule  organization, 
but  with  the  same  end  in  view. 

As  the  end  of  this  list  must  be  added  the  educational 
work  of  the  Y.  M.  C.  A.  which  quietly  but  effectively 
reaches  thousands  of  students.  All  these  influences 
combined  reach  an  industrial  army  that  can  be  counted 
in  the  millions.  The  movement  for  more  technical  edu- 
cation is  certainly  far-reaching  and  important. 

Secretary  Frank  A.  Hill,  of  the  Massachusetts  Board 
of  Education,  has  put  forth  a  unique  argument  for  the 
money  value  of  the  public  schools  of  that  Conmion- 
wealth :  ^  ^  Each  child  in  Massachusetts, ' '  he  says,  ^ '  re- 
ceives an  average  of  seven  years'  schooling,  while  each 
child  in  the  United  States  at  large  receives  only  4.3 
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years  ^  Bchooling.  The  average  earning  power  of  each 
person  in  Massachusetts  is  73  cents  per  day,  while  for 
the  country  at  large  it  is  only  40  cents.*'  This  result 
has  been  reached  by  the  independent  calculations  both 
of  Dr.  Harris,  the  U.  S.  Commissioner  of  Education, 
and  of  Mr.  Wadlin,  former  chief  of  the  Massachusetts 
Bureau  of  Labor  Statistics.  Mr.  Hill  points  out  that 
this  daily  wealth  producing  power  of  33  cents  per  capita 
in  excess  of  the  average  of  the  nation  means  $100  a  year 
per  capita  and  $275,000,000  a  year  more  than  it  would 
yield  if  the  per  capita  production  of  the  state  were  no 
greater  than  the  average  i)er  capita  of  the  country  at 
large. 

To  show  what  can  actually  be  accomplished  there  is 
no  better  model  than  the  Agriculture  Exx)eriment  Sta- 
tions of  the  United  States.  Their  annual  cost,  about 
a  million  dollars,  brings  a  direct  return  of  a  hundred- 
fold and  more  in  economic  value  measured  in  mere  dol- 
lars, but  indirectly  their  results  are  just  as  valuable. 
These  stations— fifty-six  in  number,  including  all  the 
states  and  territories,  Hawaii  and  Alaska— do  not  pros- 
ecute their  work  in  the  ordinary  academic  manner,  but 
in  the  interest  of  the  agricultural  industry.  Yet  many 
interesting  features  are  developed,  investigations  made 
and  discoveries  announced  that  would  honor  any  post- 
graduate scientific  investigator.  Their  work  may  lead 
in  various  channels;  the  creation  of  a  new  wheat  that 
may  increase  the  harvest  of  the  world ;  the  development 
of  an  ear  of  com  to  be  the  best  food  for  man  and  beast ; 
the  enrichment  of  a  fruit ;  the  curing  of  disease  in  plant 
or  animal ;  the  adaptation  of  a  new  grass  or  fruit  from 
a  foreign  land ;  the  reclamation  of  vast  stretches  of  arid 
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land ;  the  betterment  of  a  strain  of  cattle ;  an  improve- 
ment in  dairy  methods ;  improved  food  for  cattle,  sheep 
and  hogs.  The  results  are  becoming  annually  more  im- 
portant not  only  from  a  scientific  point  of  view  but  in 
an  enormous  increase  in  national  wealth. 

The  Futube. 

Technical  education  will  do  much  towards  dimin- 
ishing the  number  of  weaklings  in  society;  the  weak- 
lings in  thrift  who  produce  pauperism;  the  weaklings 
in  morals  who  are  responsible  for  most  of  the  crimes 
against  society;  and  the  weaklings  in  intellect  who  fill 
the  asylums  for  the  insane  and  the  feeble-minded. 
These  weaklings  need  less  justice  and  more  nurture. 
When  they  have  broken  the  laws,  justice  imprisons 
them.  The  fundamental  educational  principle  of  the 
twentieth  century— the  education  of  all  the  people  for 
the  work  of  the  people— will  seek  out  these  weaklings 
and  train  them  to  be  useful  instead  of  harmful  to  so- 
ciety. In  the  ordinary  industrial  calUngs  the  demand 
for  technical  education  will  exceed  any  bounds  which 
we  can  now  conservatively  put  upon  it.  Only  those 
who  make  a  study  of  the  subject  can  realize  what  in- 
numerable subjects  are  coining  under  the  dominion  of 
training.  Even  the  Chinese,  when  they  make  railroad 
concessions  to  foreigners,  insist  that  schools  for  the 
instruction  in  railway  science  shall  be  established  for 
their  benefit.  In  Europe  there  are  two  schools,  one  in 
Aschaffenburg,  Germany,  and  the  other  in  Brussels, 
Belgium,  to  teach  automobilism,  and  a  third  will  be 
opened  in  October  at  Vienna,  Austria. 

There  can  be  no  permanent  advance  for  any  people 
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except  it  is  based  on  the  Gibraltar  of  technical  ednca- 
tion.  The  education  of  the  people  is  the  building  up  of 
the  nation.  There  should  be  less  education  for  intel- 
lectual gymnastics  and  more  training  for  usefulness; 
less  of  the  older  idea  of  the  three  R's  for  all,  with  high 
culture  for  the  wealthy,  and  more  attention  to  the  sys- 
tematic instruction  of  the  people  in  the  work  of  the 
people.  We  should  estimate  rightly  the  value  of  the 
industrial  unit  ~  the  man— and  make  him  as  eflScient  as 
possible,  as  a  man,  as  a  citizen,  and  as  an  industrial  pro- 
ducer. The  relations  which  the  technically  trained  man 
will  bear  to  the  great  political  and  industrial  changes 
are  many  and  important.  The  coming  era  of  industrial 
regeneration  will  be  the  result  of  a  more  accurate 
knowledge  of  science  and  a  closer  application  of  its 
principles;  the  engineer  will  be  the  missionary.  The 
mechanic,  the  trained  artisan,  the  technical  man,  and 
the  scientific  farmer  will  be  the  pioneers.  The  welfare 
of  the  future  will  be  industrial  and  political,  rather 
than  military.  Already  we  see  the  signs.  The  bar- 
barous idea  of  depleting  conquered  lands  or  dependent 
colonies  for  the  benefit  of  the  conquering  nation  is 
yielding  to  the  more  civilized  idea  of  internal  improve- 
ments, with  material  advantages  to  both  parties.  Be- 
cause Spain  plundered  her  colonies  and  refused  to  ad- 
vance with  the  age  of  science,  she  is  no  longer  a  factor 
in  Western  civilization.  The  world  will  become  an  in- 
dustrial battlefield.  The  diplomat  will  become  more 
and  more  a  high-grade  commercial  agent;  the  military 
leader  will  be  a  preserver  of  law  and  order,  rather  than 
a  destroyer  of  life  and  property;  and  the  engineer  will 
be  their  chief  executive  in  adapting  the  forces  of  nature 
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to  the  convenience  of  man.  The  great  change  in  eco- 
nomic and  industrial  life  of  the  twentieth  century  will 
be  the  work  of  the  engineer. 

The  conditions  which  will  beset  the  engineer  of  the 
twentieth  century  will  be  exacting  beyond  anything  we 
now  know.  The  importance  of  a  strong  foundation  in 
scientific  principles  cannot  be  overestimated,  for  scien- 
tific principles  are  only  the  laws  of  nature.  These  prin- 
ciples cannot  be  learned  readily  after  a  man  has  begun 
his  life  work.  His  whole  energy  will  then  be  devoted 
to  applying  these  principles  correctly,  not  in  acquiring 
them  laboriously.  It  will  be  a  prime  necessity  for  the 
technical  college  of  the  future  to  lay  these  foundations 
broad  and  deep.  It  will  be  regarded  as  a  weakness  for 
a  college  to  teach  its  students  only  the  knacks  of  the 
profession,  only  just  enough  to  be  an  ordinary  drafts- 
man, a  tolerable  surveyor,  or  first-class  linesman. 

The  technical  graduate  of  the  twentieth  century  will 
be  marked  by  certain  characteristics  which  are  too 
rarely  found  in  men  trained  in  the  colleges  of  litera- 
ture and  arts.  Among  these  are  directness  of  purpose, 
intellectual  accuracy  and  clear  thinking.  The  student 
of  science  and  technology  is  trained  in  the  realm  of 
realities,  where  to  commit  error,  to  act  without  pur- 
pose, or  to  think  vaguely  are  seen  at  once  to  be  fruitful 
of  harm.  Economic  and  industrial  needs  will  bring 
education  from  the  cloistered  lecture  room  into  the  open 
air  of  the  laboratory.  Technical  education  will  have 
a  practical,  helpful  bearing  upon  the  problems  of  life. 
No  longer  will  the  seclusion  of  the  scholar  be  a  mark 
of  honor.  Education  will  be  found  at  the  bench,  by  the 
forge,  in  the  shop,  the  laboratory  and  the  drafting 
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room,  as  well  as  in  the  library.  The  lesson  to  be  taught 
will  be  how  to  apply  scientific  ideas  to  the  solution  of 
problems  actually  arising  in  the  struggle  to  bring  the 
forces  of  nature  under  the  sway  of  man. 

The  technical  college  in  which  the  future  engineer  is 
to  be  trained  has  several  important  characteristics  to 
maintain.  First,  to  educate  scientifically  and  tech- 
nically those  who  shall  lead  the  inarch  of  the  coming 
civilization  in  industrial  lines;  second,  to  educate  the 
public  to  a  true  sense  of  the  value  of  applying  scientific 
principles  to  industrial  processes ;  third,  as  the  univer- 
sity has  for  one  of  its  functions  the  extension  of  human 
knowledge  in  any  and  all  lines,  so  the  technical  colleges 
will  recognize  that  the  investigation  of  questions  relat- 
ing to  applied  science  is  within  their  own  sphere  of 
usefulness.  While  the  university  asks  no  questions 
about  the  usefulness  of  the  information  gathered  within 
its  walls,  the  technical  college  must  make  its  investi- 
gations in  fields  that  are  distinctly  useful. 

The  most  significant  tendency  which  an  observer  of 
educational  progress  sees  to-day  is  that  of  specializa- 
tion. The  time  is  fast  approaching  when  it  will  be  recog- 
nized that  merely  a  general  education,  whether  on  clas- 
sical or  scientific  lines,  is  not  alone  a  suitable  prepara- 
tion for  life.  Not  that  culture  is  less  desirable  than 
formerly,  rather  it  is  more  desirable,  but  above  this 
general  substructure  must  be  placed  a  technical  educa- 
tion which  will  give  that  special  application  to  some 
calling  which  the  coining  age  will  demand.  Colleges 
which  devote  their  attention  solely  to  general  cultural 
training  will  become  of  less  importance.  The  institu- 
tions now  known  by  various  titles  as  technical  colleges. 
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institntes  of  technology  and  polytechnic  institutes,  are 
the  colleges  of  the  twentieth  century  which  will  do  most 
for  their  students,  which  wiU  be  in  closest  touch  with 
the  needs  of  civilization,  which  wUl  provide  at  once  the 
most  cultural,  the  most  rational  and  the  most  scientific 
instruction.  These  institutions,  by  whatsoever  name 
designated,  will  be  the  important  colleges  of  the  future, 
because  they  will  give  that  perfect  unity  of  thought  and 
action,  that  harmony  of  theory  and  practice,  which  the 
educational  needs  of  the  future  demand. 
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PRINCIPLES  GOVERNING  THE  DESIGN  AND 
EQUIPMENT  OP  ENGINEERING 

BUILDINGS. 

BY   WILLIAM   G.   RAYMOND, 
Dean  of  the  College  of  Applied  Science,  The  State  University  of  Iowa. 

Something  less  than  a  year  ago,  the  writer  of  this 
paper  was  delegated  to  visit  the  several  modem  build- 
ings devoted  to  engineering  instruction  in  this  conntry, 
with  a  view  to  discovering  their  good  and  weak  points. 
The  information  gained  was  to  be  nsed  in  designing  an 
engineering  building  for  the  State  University  of  Iowa, 
at  Iowa  City. 

It  was  noticed  that  each  building  had  some  one  or 
more  good  points  on  which  stress  was  laid  by  its  occu- 
pants, and  that  these  good  points  were  by  no  means 
the  same  in  the  different  buildings.  Just  as  a  dwelling 
house  is  frequently  designed  about  a  handsome  hall,  or 
dining  room,  or  conservatory,  or  other  single  feature, 
so  other  buildings,  and  notably,  engineering  buildings, 
seem  to  have  been  designed  about  one  or  more  principal 
features.  In  one  group  of  buildings  pretty  much  every- 
thing was  sacrificed  to  a  north-lighted,  narrow  drawing- 
room;  in  another  an  auditorium  and  a  steam  labora- 
tory  mider  glass  with  a  surrounding  gaUery  from  which 
susceptible  legislators  might  view  the  busy  scene  below, 
were  points  of  excellence.  Some  have  simply  grown, 
without  any  particularly  excellent  features  except  econ- 
omy of  space,  every  comer  being  utilized  to  the  utmost. 
In  another  commodious  offices  or  studies  for  the  instruc- 
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tors  were  the  principal  feature ;  and  one  only,  the  most 
costly  of  all  those  visited,  seemed  to  have  been  planned 
to  secnre  as  many  as  possible  of  the  desirable  features 
of  the  others,  along  with  some  excellent  individualities 
of  its  own. 

One  peculiar  feature  of  almost  every  building  visited 
was  that  it  was  outgrown  by  the  time  it  was  finished. 

The  following  brief  paper  is  intended  to  formulate 
the  ideas  gained  during  the  inspection  of  existing  build- 
ings. These  ideas  are  stated  somewhat  didactically  as 
principles  to  be  observed  in  the  designing  of  a  plant  for 
engineering  instruction.  No  attempt  is  made  to  con- 
sider details. 

The  principles  of  design  are  based  upon  the  fact  that 
the  work  of  an  undergraduate  faculty  is,  first,  teach- 
ing ;  second,  research.  Therefore,  an  engineering  build- 
ing should  be  designed,  first,  for  teaching,  and  second, 
for  research.  For  teaching  only  so  much  equipment  in 
the  way  of  machinery  should  be  provided  as  is  needed 
for  illustration.  The  object  of  the  school  should  be  to 
teach  principles  rather  than  to  provide  skilled  workmen. 

For  courses  other  than  civil  engineering,  four  shops 
should  be  provided,  woodworking,  forge,  machine  and 
foundry.  For  research  work  four  laboratories  are  re- 
quired, steam,  hydraulic,  material  testing  and  elec- 
trical ;  these  in  addition  to  the  ordinary  physical  labo- 
ratory. For  teaching,  these  four  laboratories  are  not 
absolutely  essential.  The  shops  should  be  separate 
from  the  building  devoted  to  lecture  and  recitation,  but 
conveniently  located ;  if  possible,  connected  by  covered 
ways. 

The  main  building  should  be  designed  much  larger 
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than  is  needed  at  the  time  of  building,  and  so  that  it 
can  be  built  in  sections,  as  growth  demands. 

Shops  and  drawing-rooms  should  have  a  lecture 
space.  There  should  be  a  library  and  reading-room, 
and  a  good-sized  auditorium  that  can  be  enlarged. 

The  drawing-rooms  should  be  long  and  narrow,  or 
else  lighted  from  the  top.  Individual  space  for  each 
student  should  be  provided  for  study  and  drawing. 
There  should  be  one  or  more  large  drawing-rooms  with 
top  light  for  free-hand  sketching  and  architectural 
drawing. 

A  mechanician  and  his  shop  are  almost  absolutely 
essential.  There  should  be  janitor's  quarters  and  store 
rooms. 

There  should  be  comfortable,  furnished  offices  for  all 
instructors. 

All  study  and  recitation  space,  with  the  exception  of 
a  few  lecture  rooms  for  large  classes,  should  be  de- 
signed for  sections  of  not  more  than  twenty  to  twenty- 
five  students. 

Shops  should  be  preferably  electrically  driven,  partly 
through  shafting  and  partly  direct  connected. 

The  building  should  be  fireproof.  The  architecture 
should  be  pleasing  and  the  material  for  the  main  build- 
ing as  handsome  and  permanent  as  funds  will  permit. 

The  furniture  need  not  be  luxurious,  but  should  be 
far  from  cheap. 

Discussion. 

Pbofessob  Edgab  Mabbubg:  As  I  understand  it,  all 
instruction  is  to  be  given  to  any  given  student  in  the 
same  place.  It  seems  to  me  that  to  have  a  class  divided 
into  a  number  of  sections  would  be  impracticable  in 
many  colleges. 
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Pbofessob  Baymond  :  The  students  remain  stationary. 
The  teacher  goes  to  the  student  instead  of  the  student 
going  to  the  teacher. 

Pbofessob  Mabbubg:  The  point  is  this:  It  seems  to 
me  that  it  is  very  essential  to  provide  an  adequate  and 
quiet  place  which  may  be  accessible  to  each  student  at 
all  times.  If  he  has  to  move  out  or  make  way  for 
another  section  that  ideal  is  not  realized.  It  appears 
to  me  that  a  man  should  be  unrestricted  at  all  times  of 
the  day. 

Pbofessob  Raymond  :  That  is  exactly  what  is  provided 
here. 

Pbofessob  Mabbubg:  Each  class  has  to  be  provided 
with  a  great  many  sections. 

Pbofessob  I.  0.  Bakeb:  While  the  classes  have  field 
practice  their  rooms  are  unoccupied  according  to  this 
plan  and  it  seems  to  me  that  is  a  needless  extravagance 
and  a  wrong  idea  because  of  extravagance. 

Pbofessob  Abthub  L.  Whuston  :  With  twenty-four 
students  in  every  class,  all  taking  the  regular  work, 
all  studying  the  same  subject,  and  without  any  special 
students  at  all  in  the  college— which  would  be  the  most 
remarkable  condition  of  affairs,  unless  the  situation  in 
Iowa  is  very  different  from  that  in  other  places— I 
should  think  that  the  building  which  Professor  Ray- 
mond has  designed  and  the  plan  which  he  has  described 
would  work  admirably.  But  if  there  are  not  students 
enough  in  any  class  or  section  to  fill  a  room,  and  if  the 
conditions  were  such  that  it  was  necessary  to  have  stu- 
dents from  two  different  classes  in  the  same  room  at 
the  same  time  for  reasons  of  economy,  I  should  think 
that  there  would  be  great  confusion. 
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I  should  also  think  that  it  would  be  rather  tough  on 
any  special  students  which  there  might  be  in  any  room, 
who  might  not  be  studying  the  same  subjects  as  the 
rest  of  their  classmates.  While  the  rest  of  the  class 
was  studying  German,  for  example,  if  they  did  not  hap- 
pen to  take  that  subject,  they  would  have  to  pick  up 
their  drawing  tools  and  go  out  into  the  hall— which 
seems  to  be  the  only  other  place  provided— in  order 
that  they  might  work  without  interruption. 

The  plan  seems  to  me  to  be  hardly  sufficiently  flexible 
to  meet  the  conditions  which  we  find  in  almost  every 
engineering  school. 

PfiEsmENT  Howe  :  Referring  to  the  plan  of  this  build- 
ing proposed  by  Professor  Raymond,  I  shall  be  glad 
to  know  how  it  works  out.  It  seems  to  me  the  plan  has 
the  objection  made  by  Professor  Baker,  that  it  is  very 
expensive.  Each  student  is  in  his  room  at  work  less 
than  half  of  the  day  and  during  the  rest  of  the  day  the 
room  is  unoccupied.  This  is  certainly  a  very  expensive 
way  of  treating  any  plant.  If  the  number  of  students 
increases  a  very  much  larger  building  will  be  required 
and  we  will  find  that  that  means  a  larger  expenditure. 
I  see  the  plan  contemplates  one  large  engineering  build- 
ing, that  is,  all  the  laboratories  under  one  roof.  I  am 
inclined  to  the  belief  that  it  is  better  to  have  a  separate 
building  for  each  department,  each  professor  having 
his  own  building  absolutely  to  himself,  so  he  can  con- 
trol it,  and  where  he  will  not  be  disturbed  by  any  other 
department.  We  have  found  such  a  plan  to  work  out 
better  both  for  the  professors  and  for  the  students  than 
one  large  building. 

Pbofessob  AiiLEN :  As  I  stated  to-day  in  some  other 
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discussion,  I  find  it  very  convenient  to  have  in  one 
class  as  many  as  seventy-five  at  one  time.  It  would 
be  inconvenient  for  part  of  my  work  to  divide  the  class 
into  sections.  Where  I  give  the  problems  in  the  class 
it  would  be  inconvenient,  practically  impossible,  for 
me  to  divide  the  class  into  three  parts  and  provide  sep- 
arate problems  for  the  different  sections.  So  for  my 
individual  work,  a  room  to  accommodate  seventy-five 
to  one  hundred  is  very  desirable,  or  really  necessary, 
and  I  am  inclined  to  think  many  others  would  have 
occasion  for  rooms  of  that  size. 

Referring  to  Professor  Howe  ^s  criticism,  if  it  is  true 
the  desks  in  the  drawing-room  are  to  be  tmoccupied  a 
considerable  length  of  time,  isn't  that  an  arraignment 
of  the  drawing-room  rather  than  an  arraignment  of 
Professor  Raymond's  particular  scheme f  It  seems  so 
to  me. 

Pbofessob  Waldo  :  I  want  to  ask  Professor  Raymond 
if  his  idea  is  that  the  students  shall  be  in  their  places, 
at  their  desks,  for  a  good  part  of  the  day  when  they  are 
unoccupied,  using  their  desks  as  study  tables,  under 
this  provision  t 

Pbofessob  Mabbubg:  In  planning  the  new  engineer- 
ing building  at  the  University  of  Pennsylvania,  an  im- 
portant aim  kept  hi  view  was  to  apportion  the  space  for 
draughting  rooms  so  as  to  provide  a  separate  desk  for 
each  student.  A  large  future  increase  of  students  will, 
of  course,  make  this  impracticable  without  a  corre- 
sponding enlargement  of  the  building,  but,  for  the  pres- 
ent, each  student  will  have  his  individual  desk  which 
will  be  accessible  to  him  at  all  hours.  That  is  to  say, 
each  student  can  command  a  quiet  place  for  draughting 
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or  study  at  any  time  which  will  be  strictly  his  own. 
This  meanSy  of  course,  that  the  room  in  question  will 
never  be  occupied  by  a  class  or  section  to  which  he  does 
not  belong.  The  importance  of  making  such  provision 
for  the  legitimate  needs  of  a  student  seems  evident. 

The  desks  referred  to  have  been  carefully  planned 
and  contain  a  closet  of  suitable  size  for  holding  three 
or  more  drawing  boards,  a  large  shallow  drawer  for 
keeping  drawings  and  paper,  and  a  smaller  drawer  for 
drawing  instruments,  books,  etc.  The  closet,  as  well  as 
the  two  drawers,  can  be  locked  simultaneously  by  a 
single  keyless  combination  lock. 

Pbofessob  Baymond:  Answering  Professor  Baker, 
who  suggested  the  rooms  are  not  always  in  use,  that  is 
entirely  true.  The  plan  is  designed  for  efficient  teach- 
ing rather  than  for  economy.  I  think  we  cannot  have 
an  educational  plan  with  the  same  economy  of  furniture 
and  machinery  as  in  a  manufacturing  plant  if  we  are  to 
turn  out  the  best  educational  product  possible. 

Professor  Williston  asks  a  question  and  the  last  sen- 
tence in  the  description  answers  it. 

Professor  Allen  says  he  would  like  to  have  some  large 
rooms.  We  have  them  and  they  are  shown  on  the  plan. 
Sometimes  we  want  a  large  space  for  lectures,  and  it  is 
provided. 

Belative  to  the  question  ^'When  not  engaged  could 
they  use  the  desks  f  they  not  only  may  but  are  re- 
quired to. 

Pbofessob  Waldo  :  May  I  ask  whether  there  is  a  mon- 
itor or  teacher  present ! 

Pbofessob  Raymond:  Yes,  sir;  always  somebody 
present.    Professor  Marburg  suggested  forty  to  fifty 
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tables.  The  table  arrangement  yon  see  on  the  plans 
means  study  desk  and  drawing  table,  twenty-two  of  each 
in  each  room,  supposed  to  accommodate  twenty-two 
men.  We  have  small  rooms,  too,  as  is  shown  on  the 
plan. 

Pbofessob  Swain  :  I  would  like  for  my  own  informa- 
tion to  ask  if  each  student  has  a  desk  he  can  call  his  own. 

Pbofessor  Baymond  :  Yes,  sir. 

Pbofessob  Bakeb:  At  the  University  of  Illinois  we 
have  drawing  desks  that  will  accommodate  two  stu- 
dents at  a  time,  so  a  pair  of  students  can  use  a  desk  in 
the  morning  and  another  pair  in  the  afternoon. 

PBEsmENT  Howe  :  We  can  put  four  men  at  a  table  but 
each  man  has  his  own  drawer  in  which  he  can  put  his 
board  and  drawing  instruments  and  lock  it  up. 

Pbofessob  Mabbubo:  One  of  the  things  we  have  to 
look  out  for  is  drawing  tables.  It  is  very  difScult  to  get 
two  men  to  work  at  one  table.  We  have  designed  our 
tables  somewhat  regardless  of  cost.  We  designed  our 
table  from  the  standpoint  of  maximum  efficiency  and  we 
thought  it  would  cost  probably  twenty  to  twenty-five 
dollars,  but  in  large  quantities  we  find  they  can  be  sup- 
plied for  fifteen  dollars. 

Pbofessob  Bakeb:  Tou  mean  fifteen  dollars  x>er  stu- 
dent? 

Pbofessob  Mabbubo  :  Yes,  sir. 

PitoFBSsoB  Waij>o  :  As  I  understand  Professor  Bay- 
mond's  idea,  it  is  a  sort  of  double  arrangement.  He 
proposes  to  put  these  students  where  they  can  at  any 
time  call  upon  somebody  present  to  assist  them  in  prob- 
lems, and,  also,  that  somebody  will  always  be  present 
to  keep  them  from  tearing  down  the  building. 
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Pbesident  Howe:  The  University  of  Pennsylvania 
has  a  large  bnilding  and  it  is  a  large  building  described 
by  Professor  Raymond  I  understand  that  of  the  Uni- 
versity of  Pennsylvania  is  to  cost  ei^t  hundred  thou- 
sand dollars.  That  is  more  than  the  ordinary  technical 
school  can  put  into  building.  At  the  Case  School  of 
Applied  Science  we  are  obliged  to  use  drawing  tables 
that  cost  two  dollars  and  a  half  and  which  we  designed 
ourselves. 

Deak  Tubkeaxtbe:  We  have  fourteen  students  per 
desk. 


THE  NEED  FOR  SYSTEMATIC  INSTRUCTION  IN 

HIGHWAY   ENGINEERING. 

BY     A.   N.   JOHNSON, 
Highway  Engineer,  Offioe  of  Public  Roads,  U.  S.  Dept.  of  Agriculture. 

It  is  my  purpose  to  bring  before  your  association  the 
need  that  exists  for  further  and  more  systematic  in- 
struction in  highway  engineering  than  is  at  present 
given  in  any  of  the  engineering  schools  in  this  country. 

This  need  exists  for  two  reasons:  First,  because  of 
the  large  sums  of  money  which  are  now  spent  upon 
highway  work  which  is  not  under  skilled  supervision; 
and  second,  because  of  the  demand  that  already  exists 
through  the  desire  of  the  many  communities  to  secure 
trained  and  experienced  men  for  this  skilled  super- 
vision. 

There  have  been  collected  by  the  OflSce  of  Public 
Beads  of  the  Department  of  Agriculture  statistics 
showing  the  exact  amounts  spent  on  road  work  in  over 
one  thousand  counties.  The  actual  sum  as  ascertained 
is  $19,430,000.  As  these  counties  represent  less  than 
four  tenths  of  the  country,  there  are  annually  spent 
to-day  not  less  than  $50,000,000  in  maintaining  the 
public  roads  and  bridges. 

A  close  study  of  the  results  obtained  make  it  a  con- 
servative estimate  to  say  that  at  least  one  half  of  this 
money  is  at  present  wasted  so  far  as  beneficial  results 
to  the  roads  are  concerned.  It  is  a  notorious  fact  that, 
with  few  exceptions,  the  roads  in  the  various  commu- 
nities have  improved  but  little,  the  results  being  wholly 
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disproportionate  to  the  large  stuns  of  money  that  have 
been  raised  for  this  purpose.  In  no  other  branch  of 
constructive  work  is  any  such  amount  of  money  spent 
without  skilled  supervision.  It  is  now  recognized^  not 
alone  by  those  who  have  studied  carefully  the  situation, 
but  by  thinking  people  in  general,  that  the  results  ob- 
tained are  not  what  they  should  be,  and  that  there  is 
something  wrong  in  most  communities  with  the  present 
method  of  administering  the  road  funds. 

While  this  fact  obtains  such  general  recognition,  the 
remedy  is  not  so  generally  perceived ;  which  is  to  have 
the  road  funds  in  the  various  communities  administered 
by  a  man  trained  to  his  work,  a  highway  engineer.  The 
proof  of  this  statement  is  readily  demonstrated  by  the 
fact  that  in  those  communities  where  a  decided  advance 
has  been  made  in  highway  construction  and  where  good 
results  are  obtained,  it  has  been  invariably  under  the 
management  of  engineers  skilled  in  this  class  of  work. 
These  instances  are  all  too  few,  and  are  confined  in 
the  main  to  the  few  states  where  state  commissions  have 
organized  state  highway  engineering  bureaus. 

The  reason  why  there  are  so  few  men  in  the  country 
whose  training  should  make  them  capable  of  solving 
intelligently  the  problem,  or  suggesting  the  remedy 
for  this  condition  of  things,  is  the  fact  that  little  or  no 
attention  has  been  given  to  this  subject  in  the  engi- 
neering schools.  It  is  the  educated  and  trained  men 
in  the  different  communities  who  must  always  be  de- 
pended on  to  take  the  lead  and  suggest  in  detail  the 
remedy  for  whatever  lack  exists  in  the  administration 
of  public  affairs. 

It  seems,  therefore,  if  for  no  other  reason  than  to 
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point  out  the  right  path,  that  the  technical  schools  of 
the  country  should  provide  the  fundamental  training 
necessary  for  a  perception  of  the  course  to  be  pursued. 
These  schools  have  had  for  many  years  courses  of 
study  in  railroad  problems,  and  every  civil  engineer 
student  in  all  of  the  larger  technical  schools  has  pur- 
sued systematic  studies  in  railroad  engineering— with 
the  result  that  there  have  always  been  found  men 
trained  and  capable  of  carrying  on  railroad  develop- 
ment. 

To  be  sure  the  student's  time  in  most  of  the  engi- 
neering schools  is  already  overcrowded  with  the  various 
courses  of  study,  and  it  would  be  impossible  in  most 
instances  to  add  to  the  present  requirements  any  large 
amount  of  work.  But  this  does  not  seem  necessary; 
for  it  would  be  quite  feasible  to  offer  the  student  the 
option  of  highway  engineering  or  railroad  engineering. 
Why  is  it  necessary  to  give  every  student  in  civil  engi- 
neering this  practice  in  railroad  engineering!  There 
are  great  numbers  of  civil  engineer  graduates  who 
never  had  an  idea  of  taking  up  railroad  work,  nor  any 
occasion  to  do  so.  On  the  other  hand,  there  are  great 
numbers  of  them  called  upon  to  build  highways  of 
various  kinds  and  to  perform  a  class  of  work  for  which 
they  have  had  no  systematic  training.  Why  not  then 
provide  for  such  men  a  course  in  highway  engineering 
and  give  to  them  the  same  fundamental  principles  in 
this  branch  of  their  profession  that  is  given  to  railroad 
problems  T 

The  average  amount  of  time  now  devoted  to  railroad 
engineering  in  fifteen  of  the  most  prominent  technical 
schools  is  one  hundred  and  sixty-two  hours.    For  the 
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most  part  this  work  is  given  in  the  first  half  of  the  third 
year  and  is  divided  into  six  hours  a  week  of  class- 
room exercises,  and  field  work  connting  as  the  equiva- 
lent of  three  hours  in  the  class-room,  making  a  total 
of  nine  hours  a  week  for  a  half  year.  Four  out  of  these 
fifteen  schools  give  no  courses  whatever  in  highway 
engineering,  while  the  time  devoted  to  such  courses  in 
the  remainder  amounts  on  the  average  to  but  thirty- 
two  hours,  which  does  not  include  any  practice  in  the 
field;  the  courses  offered  consisting  almost  entirely  of 
lecture  and  text-book  work. 

Instead  of  such  a  program  why  not  offer  courses  in 
highway  engineering  taking  an  equal  amount  of  time 
to  that  devoted  to  railroad  engineering.  The  field 
work  in  highway  engineering  should  include  the  prac- 
tical location  of  roads  designed  for  various  conditions, 
in  which  every  student  would  have  as  good  drill  in  the 
laying  out  of  curves  and  the  solution  of  various  prob- 
lems in  survejdng  as  now  occurs  in  the  field  practice 
given  in  railroad  work.  The  great  difference  between 
the  field  work  in  railroad  engineering  and  in  highway 
engineering  is  that  in  one  instance  the  problem  is  solved 
from  the  standpoint  of  railroad  economics,  and  in  the 
other  from  that  of  highway  economics;  and  these  re- 
quire essentially  different  treatment. 

The  class-room  exercises  could  consist  of  the  lecture 
work  as  at  present  given  in  many  of  the  schools,  sup- 
plemented by  a  much  more  extended  study  of  the  sys- 
tematic treatment  of  various  classes  of  roads,  as  city 
streets,  streets  for  suburban  development,  park  ways 
and  boulevards,  and  rural  highways,  this  combined  with 
laboratory  study  of  the  various  materials  which  enter 
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into  road  construction^  so  as  to  give  the  student  some 
well-grounded  ideas  concerning  a  rational,  business-like 
treatment  for  a  given  condition. 

Courses  are  now  offered  to  the  student  in  municipal 
engineering,  for  instance,  outlining  a  systematic  plan 
for  a  sewerage  system  of  a  city ;  and  drill  and  training 
are  given  in  designing  a  system  considering  the  prob- 
lem as  one  applying  to  a  whole  community.  But  none 
of  the  courses  of  study  outline  in  a  systematic  way  the 
problem  of  pavements  for  a  city  as  a  whole.  The  re- 
sult of  the  lack  of  appreciation  of  such  problems  is  to 
be  seen  in  every  city  in  the  country.  If  fundamental 
training  in  this  subject  had  been  given  in  our  larger 
engineering  schools,  I  do  not  think  it  possible  that  such 
haphazard  methods  as  are  now  found  could  exist,  even 
though  the  personnel  of  the  various  city  engineering 
forces  changes  more  frequently  than  is  perhaps  con- 
sistent with  the  best  results. 

To  further  illustrate  the  need  that  exists  for  men 
trained  in  highway  work,  the  office  of  Public  Boads  of 
the  Department  of  Agriculture  in  order  to  secure  men 
for  its  work  is  giving  a  number  of  young  engineer  grad- 
uates a  year's  training  in  practical  highway  work,  for 
which  they  are  paid  fifty  dollars  a  month.  These  engi- 
neer students,  as  they  are  called,  are  given  from  two  to 
three  months'  thorough  drill  in  the  laboratory,  includ- 
ing practice  in  the  preparation  of  plans  and  estimates 
and  highway  economics.  They  are  then  placed  on 
actual  highway  construction  where  they  must  make  a 
close  study  of  the  business  methods  and  report  on  all 
of  the  various  operations  that  come  under  their  obser- 
vation.   After  a  year  of  this  training  they  are  assigned 
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work  where  they  are  called  upon  to  show  not  only  tech- 
nical skilly  but  also  the  executive  ability  necessary  to 
make  a  proper  demonstration  of  economical  highway 
construction  for  a  given  locality. 

Applications  frequently  come  to  our  office  for  men  to 
take  responsible  positions,  and  it  is  seldom  a  man  can 
be  suggested  who  is  capable  of  entering  upon  the  work 
In  many  instances  that  have  come  under  my  own  obser- 
vation, communities  desiring  a  trained  highway  engi- 
neer and  willing  to  pay  a  good  salary  have  been  obliged 
to  take  men  with  little  or  no  training  in  this  line  and 
suffer  them  to  work  along  as  best  they  could. 

I  believe  that  as  soon  as  the  lack  of  instruction  in 
this  great  branch  of  engineering  is  perceived,  the  tech- 
nical schools  will  provide  courses  that  will  be  on  the 
same  high  plane  of  efficiency  as  those  which  have  long 
been  given  in  railroad  engineering.  The  highway  engi- 
neer needs  not  only  special  training  as  to  the  building 
and  repair  of  highways,  but  also  all  of  the  other  courses 
that  are  usually  given  the  civil  engineer  student.  The 
problems  of  the  highway  engineer  are  in  every  way 
worthy  of  the  best  skill  of  the  engineering  profession. 
He  has  an  opportunity  to  be  of  great  usefulness  and 
to  feel  that  he  is  giving  a  service  well  worth  his  best 
endeavor,  and  one  which  will  be  an  important  means  of 
adding  to  the  progress  and  development  of  his  com- 
munity. 

Discussion. 

Professob  C.  Frank  Allen  :  There  is  one  feature  of 
the  paper  that  impresses  me  strongly  and  very  favor- 
ably, and  that  is  that  the  department  has  taken  upon 
itself  to  give  to  young  engineers  some  of  the  experience 
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that  is  necessary  for  a  successful  highway  engineer. 
I  think  I  am  on  record  in  this  Society  for  maintaining 
the  position  that  there  is  very  much  to  be  done  by 
people  in  practice  in  supplementing  the  work  of  our 
schools,  and  I  am  glad  for  the  highway  engineer  there 
is  some  systematic  work  already  done  by  those  who 
have  use  for  highway  engineers,  in  extending  the  work 
that  is  done  by  the  schools.  Our  engineering  colleges 
cannot  expect,  as  we  all  understand,  to  do  for  the  stu- 
dents all  that  ought  to  be  done  for  them.  There  remains 
considerable  to  be  done  afterwards  in  the  way,  largely, 
of  the  seeing  to  it  that  the  young  men  gain  experience. 
There  is  one  point  I  would  like  to  raise  in  con- 
nection with  the  paper,  as  I  am  myself  personally  in- 
terested in  railroad  engineering.  I  wish  to  suggest 
that  the  course  and  the  number  of  hours  for  railroad 
engineering  assigned  in  very  many  of  our  institutions 
are  somewhat  misleading.  In  the  institution  with 
which  I  am  connected,  instruction  is  given  in  railroad 
engineering  to  civil  engineers  and  to  sanitary  engi- 
neers, and  it  is  given  under  the  name  of  railroad  engi- 
neering. I  personally  have  taken  pains  to  assure  the 
students  who  have  taken  that  work,  that  while  the 
course  of  study  appears  in  the  catalogue  as  railroad 
engineering,  the  proper  diagnosis  is  so  many  hours  in 
"location,'*  and  this  location  work  is  appropriate  not 
merely  for  sanitary  engineers,  but  also,  to  a  large  ex- 
tent, for  highway  engineers ;  so  that  much  of  the  work 
that  is  done  under  the  name  of  railroad  engineering  is 
work  that  is  distinctly  in  the  direction  of  highway  engi- 
neering also.  The  greater  part  of  the  work  done  is 
not  railroad  engineering,  so  much  as  it  is  location, 
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which  finds,  perhaps,  more  perfect  expression  in  rail- 
road work  proper. 

It  has  been  said  in  relation  to  the  work  of  location 
that  it  has,  as  conducted  in  many  of  onr  institutions,  a 
high  training  value.  On  the  whole,  I  think  it  to  be  of 
higher  training  value  than  some  of  the  other  parts  of 
the  work  given  under  the  name  of  railroad  engineering 
and  of  higher  training  value  than  most  of  the  work  that 
is  now  given  in  our  institutions  under  the  name  of  high- 
way engineering.  In  the  institution  with  which  I  am 
connected  instruction  is  given  in  highway  engineering, 
not  in  a  very  large  amount  and  not  at  present  by  myself, 
although  it  was  carried  on  by  myself  some  years  ago. 
I  believe  that  in  those  institutions  where  there  is  op- 
portunity for  large  specialization,  it  might  be  wise  to 
devise  a  course  especially  in  highway  engineering, 
which  to  my  notion  should  include  many  matters  not 
now  taken  up ;  certain  lines  of  chemistry,  certain  work 
of  testing  and  other  work  which  might  extend  in  some 
directions  that  engineers  do  not  now  take.  Very  much 
of  highway  engineering  that  is  needed  at  the  present 
time  is  an  art  rather  than  a  science,  and  very  much  of 
that  must  be  acquired  after  graduation  and  cannot  be 
acquired  in  the  best  way  during  the  school  term.  When 
I  say  that  I  do  not  intend  to  suggest  that  there  cannot 
be  done  considerable  work  in  the  schools,  but  I  wish  to 
distinguish  clearly  between  those  parts  that  can  be 
handled,  by  the  school  and  those  parts  which,  in  the 
nature  of  an  art,  must  be  handled  in  some  other  way. 

Mr.  a.  N.  Johnson  :  I  intended  to  make  it  clear  that 
it  was  not  expected  that  any  engineering  school  would 
send  out  men  who  would  be  any  better  fitted  to  under- 
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take  highway  work  than  railroad  work.  What  I  do 
believe  advisable  is  that  the  engineering  schools  should 
provide  training  in  highway  engineering  as  thorough 
as  that  at  present  given  in  railroad  engineering.  While 
it  is  true  that  there  are  certain  fundamental  geomet- 
rical  principles  which  would  underUe  the  surveying 
and  calculation  of  earth  works,  whether  it  be  for  high- 
way or  railroad,  there  is  yet  a  marked  difference  in 
the  application  of  these  principles  to  the  two  forms  of 
construction.  The  principles  per  se  could  be  as  well 
taught  without  reference  to  any  form  of  construction 
whatever  and  be  given  as  mere  geometric  exercises. 
But  in  this  way  an  appreciation  of  the  practical  value 
of  the  principles  would  not  be  wakened  in  the  student. 
If  then  these  principles  are  taught  as  regards  their 
application  to  railroad  location  and  economics,  it  is 
hard  to  conceive  how  the  economic  principles  govern- 
ing highway  location  are  brought  up.  My  own  obser- 
vations have  confirmed  me  in  this  conclusion,  as  I  have 
frequently  seen  highway  work  executed  by  men  whose 
sole  training  was  along  railroad  construction.  They 
understood  the  principles  of  surveying,  methods  of  esti- 
mating earth  work  aad  the  quantities  of  materials  that 
would  be  required,  but  they  finally  did  not  produce  a 
result  that  was  proper  for  the  best  highway  work.  It 
would  seem,  therefore,  inasmuch  as  the  underlying 
geometric  principles  are  the  same  that,  while  it  is  not 
advisable  to  add  to  the  present  courses,  nothing  would 
be  lost  in  the  general  training  of  the  civil  engineer 
student  if  he  were  given  an  option  as  between  highway 
location  work  and  railroad  location  work.  The  stu- 
dent who  would  elect  to  take  the  highway  work  would 
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be  as  well  fitted  to  enter  a  railroad  surveying  party  as 
is  the  student  who  now  completes  the  railroad  courses 
is  to  undertake  highway  surveying,  with  the  advantage 
that  a  greater  number  would  probably  find  themselves 
more  often  called  upon  to  lay  out  a  highway  than  to 
lay  out  a  railroad. 

Pbofessob  Baymokd  :  It  seems  to  me  this  trouble  with 
the  man  and  the  fill  was  not  due  to  training  but  head. 
The  notion  Professor  Allen  suggested  occurred  to  me, 
and  I  want  to  ask  Mr.  Johnson  this  question:  Assum- 
ing that  theoretical  matters  pertaining  to  aligimient, 
grades,  earth  work  and  all  that  sort  of  thing,  are  re- 
quired in  the  railroad  course,  then  how  much  more  is 
needed  in  the  technical  school  for  the  undergraduate 
than  the  equivalent  of  what  we  find  in  Professor 
Baker's  book  or  Mr.  Byrnes! 

Mb.  Johnson  :  It  is,  I  think,  as  I  have  stated  before, 
wholly  a  matter  of  presentation.  If  certain  principles 
are  taught  to  accomplish  a  certain  end,  it  is  only  natural 
that  the  student  should  conceive  and  appreciate  them 
more  particularly  from  such  a  point  of  view.  If  there- 
fore certain  principles  in  surveying  as  to  the  location 
of  lines  of  travel,  calculation  of  earth  works,  etc.,  are 
presented  from  the  point  of  view  of  economic  railroad 
location,  I  fail  to  see  what  training  is  offered  in  eco- 
nomic highway  location.  It  should  be  well  known  that 
there  is  a  wide  difference  of  purpose  to  be  attained 
between  locating  a  railroad  line  and  a  wagon  road. 

The  whole  suggestion  is  a  matter  of  presentation,  and 
a  man  cannot  feel  he  is  learning  about  highway  work 
when  learning  about  railroad  work  and  treats  problems 
from  the  standpoint  of  railroad  economics. 
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Pbofessob  Ketchum  :  From  the  point  of  one  who  is 
trying  to  teach  both  railroad  and  highway  engineering, 
I  feel  that  the  technical  graduate  is  as  well  equipped 
and  qualified  to  take  up  highway  engineering  on  grad- 
uation as  railroad  engineering.  The  railroads  having 
trained  railroad  engineers  for  a  long  time,  and  after 
technical  graduates  have  had  an  opportunity  to  get 
training  on  the  highways,  highway  engineers  will  cer- 
tainly rank  in  the  same  list  as  the  railroad  engineers. 
I  am  quite  sure  that  men  who  are  teaching  highway 
engineering  are  treating  it  in  very  much  the  way  that 
Mr.  Johnson  has  suggested.  They  are  treating  high- 
way economics  as  highway  economics  and  railroad  eco- 
nomics as  railroad  economics,  and  are  giving  as  much 
practice  in  highway  surveying  as  in  railroad  survey- 
ing. While  much  remains  to  be  desired  in  instruction  in 
both  railroad  and  highway  engineering,  the  speaker  feels 
that  we  are  giving  at  the  present  as  good  instruction  in 
highway  engineering  as  in  railroad  engineering.  The 
time  available  is  entirely  inadequate  in  both  cases. 


TEACHING    AGRICULTURAL    ENGINEERING    IN 

LAND   GRANT   COLLEGES. 

BY  C.   J.   ZINTHEO, 
Professor  of  Farm  Mechanics,  Iowa  State  College. 

By  land  grant  colleges,  I  take  it,  is  meant  such  insti- 
tutions as  have  been  organized  in  the  various  states  in 
the  Union  under  the  Morrill  Endowment  Acts  of  1862 
and  1890,  to  establish  and  maintain  colleges  for  the 
benefit  of  agriculture  and  mechanic  arts. 

These  colleges  of  agriculture  and  mechanic  arts  have 
been  great  factors  in  advancing  knowledge  along  the 
lines  for  which  they  were  intended.  The  ^^  mechanic 
arts ' '  part  of  these  institutions  have  developed  into  engi- 
neering colleges,  and  most  of  them  are  now  offering 
courses  in  mechanical,  civil,  electrical  and  mining  engi- 
neering. 

The  agricultural  colleges  and  experiment  stations 
are  making  investigations  and  giving  instruction  in 
almost  all  branches  of  agriculture,  teaching  the  farmers 
how  to  improve  their  breeds  of  cattle  and  grains,  to 
increase  the  fertility  of  the  soil,  and  how  to  bring  farm- 
ing up  to  a  scientific  and  business  basis  of  management. 
It  was  evidently  intended  by  the  Morrill  Act  that  the 
courses  in  agriculture  and  mechanic  arts  should 
strengthen  and  help  each  other.  They  have,  however, 
diverged  so  that  the  engineering  courses  are  now  en- 
tirely professional  courses,  and  the  agricultural  stu- 
dents have  received  no  mechanical  training  except  the 
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small  fraction  of  time  devoted  to  manual  training,  such 
as  carpentry  and  blacksmithing. 

While  this  training  is  good  as  far  as  it  goes,  it  cer- 
tainly is  not  sufficient  for  the  average  agricultural  stu- 
dent, in  view  of  the  importance  of  machinery  on  the 
American  farms  to-day.  To  give  an  idea  of  the  vast 
sums  of  money  that  are  invested  in  farm  implements, 
take  for  instance,  the  following  five  states:  Iowa  has 
$57,960,000  invested;  New  York,  $56,006,000;  Pennsyl- 
vania, $50,917,240;  lUinois,  $44,977,310,  and  Ohio,  $36,- 
354,150. 

The  time  and  money  saved  by  using  improved  ma- 
chinery is  very  well  shown  in  the  report  of  the  United 
States  Department  of  Agriculture.  ^^In  1830  it  took 
over  three  hours'  labor  to  raise  one  bushel  of  wheat; 
in  1896  it  took  ten  minutes;  in  1830  the  labor  in  one 
bushel  of  wheat  cost  seventeen  and  three  fourths  cents ; 
in  1896  it  cost  three  and  one  half  cents  per  bushel. 

**In  1850  the  labor  represented  in  a  bushel  of  com 
was  four  and  one  half  hours ;  while  in  1894  it  had  been 
reduced  to  forty-one  minutes.  In  1860  it  is  estimated 
that  the  labor  to  put  one  ton  of  hay  in  bales  repre- 
sented thirty-five  and  one  half  hours,  while  in  1894  this 
labor  was  reduced  to  eleven  and  one  half  hours,  or  from 
a  cost  of  $3.00  in  labor  to  $1.29. '  *  The  report  estimates 
that  in  the  year  1899  the  agricultural  implements  in  the 
United  States  saved  in  human  labor  the  sum  of  $681,- 
471,827. 

In  no  other  country  is  such  extensive  use  made  of 
farm  machinery,  and  the  scarcity  of  farm  labor  will 
tend  to  increase  its  use  in  the  future  rather  than  other- 
wise.   The  total  value  of  implements  and  machinery 
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on  the  farms  of  this  country^  according  to  the  recent 
census,  was  $761,261,5509  an  average  of  $133  per  farm, 
taking  the  country  over,  and  ninety  cents  per  acre  of 
farm  land.  Truly,  no  other  item  in  the  farmer's  invest- 
ment outside  of  the  land  itself  required  so  much  capital 
upon  which  he  must  pay  or  earn  interest 

Much  of  the  machinery  is  elaborate  and  complicated 
in  its  construction  and  requires  mechanical  skill  or 
genius  for  its  most  efficient  operation  and  care,  not  to 
mention  the  making  of  special  repairs.  That  there  is 
an  enormous  waste  of  money  due  to  the  neglect  and 
unskillful  handling  of  this  part  of  the  farm  equipment, 
must  be  obvious  to  any  one  who  has  traveled  through 
the  regions  where  it  is  most  used.  It  is  safe  to  estimate 
that  nearly  one  half  of  the  money  now  spent  for  agri- 
cultural implements  in  this  county  could  be  saved  if 
the  farmers  understood  how  to  care  for,  adjust  and 
properly  operate  the  machines. 

Our  American  agricultural  colleges  are  a  good  ways 
behind  Europe  in  the  work  of  training  the  students  in 
mechanical  work.  The  little  country  of  Switzerland 
has  for  many  years  been  making  farm  implement  field 
exhibits  under  the  auspices  of  the  agricultural  societies. 
These  exhibits  are  well  advertised  and  the  farmers 
from  far  and  near  come  and  receive  instruction  in  the 
use,  abuse,  construction  and  operation  of  the  various 
kinds  of  farm  implements.  In  Germany  and  France 
field  trials  are  annually  conducted  between  various 
makes  of  farm  machinery.  These  trials  are  carried  on 
by  the  government  and  are  largely  attended  by  the 
farmers. 

The  Agricultural  High  School  at  Berlin  has  a  well- 
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developed  and  efficient  department  of  farm  machinery. 
In  the  opinion  of  the  head  of  that  department,  nothing 
has  done  more  to  improve  the  agricultural  methods  in 
Germany  than  the  study  by  the  young  men  of  the  tools 
of  their  own  and  other  countries;  and  out  of  it  have 
resulted  many  improvements  in  construction. 

In  England,  agricultural  shows  are  held  throughout 
the  smnmer,  at  which  instruction  is  given  in  farm  ma- 
chinery. 

The  Scandinavian  countries  are  making  tests  of  farm 
machinery  and  the  Society  of  Norway's  Welfare  is  an- 
nually conducting  experiments  with  agricultural  imple- 
ments and  issuing  bulletins  in  which  are  published  the 
results  of  their  observations  for  the  benefit  of  the 
farmers. 

The  Russian  Agricultural  College  students  are  ob- 
taining practice  in  judging  farm  machinery  according 
to  certain  laid  down  principles  in  about  the  same  way 
that  our  students  are  judging  thorough-bred  cattle 
and  horses.  Even  in  far-off  Siberia,  the  writer  had 
the  privilege  a  few  years  ago  to  attend  the  field  trial 
between  the  various  makes  of  American  harvesting 
machines.  The  trial  was  held  at  the  Agricultural  Col- 
lege at  Tomsk,  Siberia.  After  the  trial  the  machines 
were  taken  down  by  the  college  students  and  each  part 
studied  in  detail  under  the  supervision  of  the  college 
director  and  the  instruction  of  the  American  experts. 

The  first  work,  looking  toward  instruction  in  farm 
machinery  by  any  American  agricultural  college,  was, 
no  doubt,  done  in  Wisconsin  by  Professor  P.  H.  King. 
He  conducted  a  number  of  experiments  with  windmills, 
pumps  and  feed  grinders,  as  well  as  along  the  line  of 
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drainage  and  irrigation  and  taught  the  subject  to  the 
students  under  the  name  of  agricultural  physics.  In 
1898  the  Legislature  of  Illinois  appropriated  money  for 
a  building  for  farm  mechanics  and  since  that  time  a 
course  in  farm  mechanics  has  been  offered  at  that  in- 
stitution and  instruction  given  in  setting  up  farm  ma- 
chinery and  similar  subjects. 

The  North  Dakota  Agricultural  College  has  for  a 
number  of  years  maintained  a  similar  course  in  farm 
mechanics,  and  has  had  the  cooperation  of  farm  imple- 
ment salesmen  who  come  to  the  college  and  give  talks 
to  the  students,  explaining  the  construction  of  the  ma- 
chines which  they  sell,  by  having  the  machines  brought 
right  into  the  class-room  before  the  students. 

The  University  of  Wisconsin  has  received  a  state 
appropriation  of  $15,000  for  a  farm  engineering  build- 
ing, which  is  being  erected  and  a  department  of  farm 
engineering  has  been  put  in  charge  of  a  man  to  teach 
the  subject. 

The  Minnesota  College  of  Agriculture  has  obtained 
an  appropriation  of  $5,000  for  a  building  for  its  course 
in  rural  engineering,  and  the  officers  of  the  state  fair 
have  granted  the  college  the  use  of  a  large  pavilion  in 
which  machines  loaned  by  the  manufacturers  are  to  be 
housed  for  instructional  purposes. 

The  Iowa  Agricultural  College  at  Ames  has,  how- 
ever, made  the  largest  progress  in  the  establishment  of 
a  complete  course  in  agricultural  engineering.  A  very 
substantial  building,  four  stories  hi^,  has  been  erected. 
The  building  is  constructed  of  brick,  stone  and  steel, 
and  is  fireproof  throughout.  The  cost,  including  heat- 
ing and  plumbing,  furniture  and  other  equipment,  is 
between  $65,000  and  $70,000. 
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The  course,  as  outlined^  extends  over  three  years, 
beginning  with  the  sophomore  college  year.  All  stu- 
dents in  the  agricultural  courses  are  required  to  take 
one  year  in  farm  mechanics,  which  embraces  the  study 
of  the  elementary  principles  and  practice  of  tile  drain- 
age, road  construction,  irrigation,  farm  implements  of 
all  kinds,  farm  motors,  such  as  gasoline  engines,  trac- 
tion engines  and  separators,  carpentry,  blacksmithing, 
horseshoeing,  mechanical  drawing,  farm  building  con- 
struction, etc.  In  no  other  institution  are  all  these 
courses  brought  together  under  one  head.  WhUe  in- 
struction is  usually  given  in  carpentry  and  blacksmith- 
ing in  most  agricultural  colleges,  it  is  usually  given  in 
the  engineering  courses,  and  it  is  feared  too  much  atten- 
tion is  given  to  the  manual  training  style  of  instruction 
and  not  enough  attention  paid  to  the  actual  requirements 
of  farm  students.  In  Iowa  these  subjects  are  given  the 
attention  which  they  merit.  The  boys  are  not  making 
*  *  play  things  * '  but  are  making  neck  yokes,  whiffletrees, 
wagon  tongues  and  racks,  fence  gates,  windows,  doors, 
etc.  In  the  blacksmith  shop  they  are  ironing  the  arti- 
cles made  in  the  wood  shop,  and  are  taught  how  to  set 
wagon  tires,  sharpen  plow  lays,  rectify  horse  shoes,  shoe 
horses  and  do  the  actual  repair  work  of  farm  machin- 
ery. In  the  machine  operation  rooms  the  students  are 
taught  how  to  set  up  and  adjust  binders,  mowers,  com 
harvesters,  shredders,  drills,  etc. 

The  binder  attachments  and  knotters  are  stripped  to 
the  frame  and  are  rebuilt  by  the  students,  after  which 
they  are  put  on  the  **try  off  rack**  and  are  put  in  mo- 
tion. Straw  is  put  through  them  and  tied  into  bundles. 
If,  for  any  reason,  the  machines  do  not '  ^  tie,  *  *  the  stu- 
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dents  have  to  adjust  the  machines  nntil  they  work 
properly. 

In  the  junior  and  senior  years  elective  and  advanced 
courses  are  offered.  The  various  subjects  of  agricul- 
tural engineering,  drainage,  irrigation,  machine  design 
and  building  construction,  as  well  as  other  subjects,  are 
offered. 

Other  colleges,  such  as  the  Agricultural  Colleges  of 
Indiana,  New  York,  Ohio  and  California,  are  now  or- 
ganizing courses  along  similar  lines.  While  several 
different  names  have  been  used  in  connection  with  the 
instruction  of  the  fragments  of  such  a  course,  such  as 
agricultural  physics,  farm  mechanics,  rural  engineer- 
ing, farm  engineering,  etc.,  yet  a  complete  course  of  this 
kind  should  naturally  be  called  agricultural  engineering. 

In  each  case  where  instruction  of  this  nature  is  now 
carried  on  in  the  colleges  it  has  been  inaugurated  as  a 
branch  of  instruction  in  agronomy.  While  this  may 
answer  as  a  beginning,  the  imx)ortance  of  the  allied 
branches  of  rural  engineering  taken  together  entitles  it 
to  be  made  an  independent  department  of  instruction, 
having  equal  rank  with  agronomy  or  animal  industry 
as  they  have  been  established  in  a  number  of  institu- 
tions. The  work  done  so  far  is  only  preliminary  to 
work  that  may  follow  in  the  near  future. 

The  opportunities  for  professional  agricultural  engi- 
neers are  as  numerous  as  in  any  of  the  leading  profes- 
sions. With  the  advent  of  the  large  irrigation  develop- 
ments of  the  west  and  the  large  drainage  projects  of 
the  Mississippi  Valley,  there  will  be  need  of  men  who 
are  trained  in  agriculture  as  well  as  in  engineering 
lines.    Men  who  imderstand  soil  conditions  and  the  best 
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requirements  for  farm  crops  and  who  at  the  same  time 
know  how  to  plan  a  system  of  tile  drains  and  open 
ditches,  or  who  can  plan  the  distribution  of  the  irriga- 
tion water  for  a  given  district  will  be  very  much  in 
demand. 

The  westward  movement  of  population  has  been  the 
cause  of  taking  up  for  settlement  all  the  land  that  is 
available  for  easy  cultivation.  What  remains  has  to 
be  redeemed  for  agricultural  purposes  by  more  expen- 
sive methods  of  irrigation.  For  this  purpose  there  is 
great  need  of  the  agricultural  engineer  and  such  men 
can  be  trained  only  in  agricultural  engineering  courses 
of  our  land  grant  colleges. 

The  good  roads  movement  is  spreading  rapidly  and 
in  many  states  are  now  established  state  highway  com- 
missions. There  is  need  of  men  in  this  service  who 
have  training  in  road  construction  and  who  xmderstand 
how  to  construct  dirt  roads  as  well  as  macadam  and 
who  know  how  to  operate  road  machinery  to  the  best 
advantage. 

The  manufacture  of  farm  implements  and  farm  mo- 
tors has  assumed  such  prominent  proportions  that  it 
is  no  longer  possible  for  the  manufacturers  to  employ 
the  kind  of  men  which  they  have  had  in  the  past  for 
designers  and  experimenters.  What  they  need  is  men 
trained  along  agricultural  lines  who  have  had  expe- 
rience in  farm  implement  designing;  the  construction 
and  operation  of  agricultural  implements.  In  other 
words,  men  who  understand  agricultural  requirements 
and  who  can  design  the  machines  to  meet  these  require- 
ments. Such  training  can  only  be  obtained  in  a  course 
in  agricultural  engineering. 
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There  is  a  rapid  development  in  the  line  of  farm 
architecture.  As  the  country  is  being  settled  it  becomes 
quite  important  that  farm  buildings  should  be  carefully 
planned,  nicely  arranged  and  well  constructed. 

With  the  scarcity  and  high  price  of  lumber,  cement 
and  concrete  axe  coming  quite  extensively  into  use  for 
farm  building  purposes.  Men  who  understand  how  to 
plan  and  execute  work  in  farm  architecture,  are  very 
much  in  demand.  This  training  can  only  be  obtained 
in  an  agricultural  engineering  course. 

Thus  it  may  be  seen  that  the  field  of  agricultural  en- 
gineering is  a  broad  one.  A  complete  course  of  agri- 
cultural engineering,  therefore,  should  include  courses 
in  field  engineering,  drainage,  irrigation  and  road  con- 
struction, farm  machinery,  farm  motors,  farm  architec- 
ture and  farm  implement  designing,  as  well  as  a  good 
share  of  research  and  experimental  work.  It  should 
also  include  the  agricultural  courses  in  farm  crops,  soil 
physics,  farm  management,  with  some  dairying,  animal 
husbandry  and  horticulture,  as  well  as  the  usual  cul- 
tural and  scientific  studies  included  in  other  college 
courses. 

Discussion. 

Pbofessob  M.  S.  Ejbtchum:  The  speaker  doubts  the 
propriety  of  trying  to  teach  more  than  the  elements  of 
drawing,  surveying  and  shop  practice  in  agricultural 
courses.  The  preliminary  training  in  mathematics  in 
an  agricultural  course  is  insufficient,  and  any  attempt  to 
teach  the  designing  of  machinery  will  be  a  farce. 

Dean  Tubneaube:  I  think  an  elementary  course  in 
mechanics,  designed  especially  for  their  needs,  would 
be  a  good  thing,  and  if  well  taught  would  assist  them 
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greatly  in  appreciating  the  machinery  they  have  to  deal 
with  and  the  problems  that  may  arise  on  the  farms. 
The  men  who  take  snch  courses  do  not  all  go  back  to 
small  farms;  many  are  employed  on  large  farms  and 
estates  and  look  after  affairs  of  considerable  impor- 
tance. I  think  a  considerable  amoimt  of  this  sort  of 
work  can  profitably  be  given  if  well  organized,  but  it 
will  take  some  time  to  organize  it,  however. 

Pbofessob  Ketchum  :  I  quite  agree  with  Dean  Tnr- 
neanre  in  his  statement  that  there  is  a  place  in  the  agri- 
cultural course  for  the  study  of  farm  machinery,  but  I 
do  not  agree  with  the  position  that  it  is  the  proper 
place  to  train  men  for  work  in  irrigation,  in  highway 
construction,  or  in  machine  design. 

Pbofessob  Abthtjb  L.  Williston  :  If  I  understand  it 
correctly,  the  author  of  the  paper  does  not  claim  that 
irrigation  generally,  or  machine  design  in  general,  ut 
highway  engineering  in  general,  should  be  taught  in 
the  department  of  agricultural  mechanics.  He  clain^R 
that  so  much  of  these  subjects  as  the  students  who  am 
going  to  become  agricultural  engineers,  if  you  please— 
so  much  as  these  particular  students  need,  should  be 
taught  by  men  who  should  know  something  of  agricul- 
tiire.  I  think  that  this  is  the  same  point  that  was 
brought  out  so  clearly  by  the  last  paper.  The  impor- 
tance of  teaching  things  from  the  right  point  of  view  is 
what  is  emphasized  here.  I  have  had  agricultural  stu- 
dents in  the  mechanical  engineering  classes,  and  have 
had  to  give  them  courses  very  similar  if  not  exactly 
the  same  as  those  that  were  given  to  the  mechanical 
engineering  students.  Under  such  circumstances,  I 
donH  hesitate  to  say  the  agricultural  students  suffer, 
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because  their  work  could  not  be  presented  from  their 
point  of  view.  And  it  is  not  likely  to  be  presented  from 
their  point  of  view,  so  long  as  it  is  given  in  department 
the  principal  interest  of  which  is  totally  different  It 
would  be  far  better,  I  believe,  if  the  work  given  the 
agricultural  students  could  have  been  given  by  some 
one  who  had  had  years  of  experience  and  practice  in  the 
field  of  work  in  which  these  students  were  to  be  engaged 
after  graduation,  provided  he  were  also  competent  to 
properly  present  this  subject  in  hand. 


EDUCATION   OF   MECHANICS. 

BY   HENRY  M.   LANE, 
Editor  of  The  Foundry,  Cleveland,  Ohio. 

Formerly  the  mechanics  or  artisans  for  all  depart- 
ments of  manufacturing  derived  their  education  first, 
by  serving  an  apprenticeship,  and  second,  by  adding  to 
the  knowledge  thus  gained  by  traveling  about  and  work- 
ing in  different  shops.  In  the  old  days,  when  the  pro- 
portion of  hand  work  was  much  greater  than  now,  this 
produced  all-round  mechanics  in  all  branches.  To-day 
we  hear  the  cry  from  all  departments  that  we  can  not 
find  all-round  workmen.  The  machine  shop  has  in  most 
cases  become  a  manufacturing  concern,  with  its  many 
special  tools,  jigs  and  appliances.  In  the  foundry  the 
molding  machine  and  a  host  of  labor-saving  devices 
have  been  introduced;  the  tendency  of  all  which  have 
been  to  make  specialists  of  the  men. 

In  the  blacksmith  shop  the  introduction  of  power 
hammers,  forging  presses  and  many  similar  devices  has 
also  tended  to  limit  the  variety  of  work  which  one  man 
does.  In  other  words,  the  modem  tendency  of  manu- 
facturing plants  is  to  put  the  brains  into  the  machines 
and  then  hire  cheap  labor  to  run  them.  It  will  always 
be  necessary,  however,  to  have  a  certain  number  of 
skilled  workmen  in  each  line,  and  also  to  have  a  force 
of  broadly  trained  men  from  whom  we  can  recruit  our 
foremen. 

In  many  shops  the  work  has  become  so  specialized 
that  even  if  the  management  desired,  it  would  be  impos- 
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sible  for  them  to  teach  a  boy  the  trade  as  there  is  not 
a  sufficient  variety  of  work  being  done  in  the  plant. 

Another  factor  which  has  affected  the  apprenticeship 
question  is  that  the  rapid  fluctuations  of  the  amount  of 
work  of  a  given  character  done  in  a  given  plant  so  re- 
duces the  working  force  at  times  that  the  management 
is  not  warranted  in  carrying  a  considerable  number  of 
apprentices. 

Apprentices  have  also  been  affected  by  the  **big 
wages  quick''  mania.  As  a  consequence,  after  a  boy 
has  spent  about  half  of  his  time  in  one  shop  he  is  very 
likely  to  bolt  and  go  into  another  shop  where  he  gets 
journeyman's  wages;  or  if  he  is  taken  under  instruc- 
tion,  gets  higher  wages  than  he  receives  in  the  first 
shop.  When  the  wages  go  up  the  amount  of  work  he 
turns  out  must  also  go  up,  and  hence  the  boy  is  kept, 
as  far  as  possible,  on  one  class  of  work.  The  result 
is  that  he  becomes  a  poor  workman  with  a  limited 
amount  of  experience. 

One  prominent  f  oundryman  stated  recently  that  while 
he  employed  over  one  hundred  molders  in  his  place,  his 
work  was  so  highly  specialized  that  he  could  not  con- 
scientiously take  on  a  single  apprentice,  as  he  knew  he 
could  not  teach  them  the  trade,  no  matter  how  much  he 
might  desire  to  do  so. 

The  future  supply  of  our  foremen  for  all  classes  of 
work  is  even  more  important  than  that  of  the  workmen, 
as  the  constant  increase  in  the  special  appliances  used 
necessitates  a  broader  knowledge  each  year  on  the  part 
of  the  men  holding  these  positions. 

As  our  manufacturing  plants  are  run  to-day,  their 
principal  product  is  tools,  machinery  and  other  devices. 
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There  is  a  small  by-product  of  workmen,  who  are  edu- 
cated in  these  plants,  we  might  almost  call  this  an  acci- 
dental product.  The  writer  believes  that  the  most  fea- 
sible plan  would  be  to  install  a  plant  for  the  manufac- 
ture of  quite  a  broad  line  of  machinery,  with  the  under- 
standing, however,  that  mechanics  or  artisans  were  to 
be  the  principal  product  and  the  machinery  the  by- 
product, but  by  no  means  an  accidental  product. 

Such  a  plant  as  this  mi^t  manufacture  the  following 
line  of  machinery:  lathes,  planers,  milling  machines, 
drill  presses,  grinding  stands,  small  steam  and  gas  en- 
gines, and  some  wood-working  machinery.  This  would 
give  a  broad  range,  including  a  large  amount  of  foundry 
work,  blacksmithing,  etc.  The  machinery  should  be  of 
good  design,  but  of  plain,  strong,  standard  type,  which 
would  command  a  ready  market.  It  is  probable  that 
the  entire  product  could  be  disposed  of  without  any 
difficulty  through  the  large  jobbing  houses.  So  as  to 
introduce  practice  in  malleable  casting,  it  would  prob- 
ably be  well  to  manufacture  a  line  of  pipe  fittings,  or 
some  hardware  specialties. 

One  of  the  first  objections  which  will  probably  be 
made  to  this  proposal  is  that  it  would  be  in  direct  com- 
petition with  the  manufactories  of  the  country,  but  it 
is  certain  that  this  would  be  far  more  than  compensated 
for  by  the  fact  that  the  plant  would  be  turning  out  a 
large  number  of  skilled  men  who  would  take  their  places 
in  the  ranks  in  the  leading  manufactories  throughout 
the  entire  coimtry,  and  far  more  than  compensate  for 
the  effect  of  the  small  amount  of  competition  which 
would  be  introduced  into  the  manufacturing  field. 

Connected  with  such  an  establishment  there  should 
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be  a  corps  of  teachers  and  a  regular  course  would  re- 
quire four  years.  Upon  entering,  the  student  would 
spend  the  first  nine  months  in  a  series  of  shop  work 
which  would  correspond  very  closely  to  the  courses 
given  in  the  manual  training  schools  and  technical 
schools  of  the  country.  This  would  include  elementary 
wood  work,  pattemmaking,  some  foundry  work,  a  few 
weeks  in  the  blacksmith  shop,  and  a  little  machine  shop 
practice.  This  portion  of  the  work  would  be  accom- 
panied by  an  elementary  course  of  lectures  or  some 
study  from  suitable  text-books. 

When  a  boy  enrolled  he  would  be  expected  to  deposit 
one  hundred  dollars.  During  the  first  nine  months  he 
would  receive  no  pay  for  his  services,  and  if  at  the  end 
of  that  period  he  decided  that  he  did  not  wish  to  learn 
a  trade,  he  would  be  allowed  to  go,  and  one  half  of  the 
money  he  had  deposited  would  be  returned  to  him  with- 
out interest. 

If  at  the  end  of  the  preliminary  course,  the  boy 
elected  to  learn  a  trade  he  would  be  started  in  the  de- 
partment which  he  had  chosen  and  would  receive  wages 
from  that  date.  These  wages  would  be  arranged  so 
that  they  were  sufficient  to  support  the  boy  and  would 
increase  at  certain  stated  periods  during  his  course. 
Careful  account  would  be  kept  of  the  work  of  each  one, 
and  when  the  quality  and  quantity  of  the  boy's  work 
warranted  it  he  would  be  given  a  raise  or  paid  a  bonus. 
This  raise  or  bonus,  however,  would  not  be  paid  to  him 
in  cash,  but  would  be  held  until  he  completed  his  ap- 
prenticeship. 

During  the  entire  course  a  certain  number  of  hours 
each  week  would  be  devoted  to  recitations,  the  matter 
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for  which  would  be  prepared  outside  of  the  working 
hourSy  though  the  recitations  themselves  would  come 
within  the  regular  working  hours.  Especial  care  would 
be  taken  to  instruct  the  boys  in  the  underlying  prin- 
ciples of  the  work  which  they  were  doing,  and  to  develop 
so  far  as  possible  individuality  and  the  ability  to  devise 
means  and  rigs  for  doing  work.  In  the  machine  shop 
this  would  mean  the  ability  to  design  jigs  and  fixtures ; 
in  the  foimdry,  the  ability  to  equip  molding  machines, 
design  special  molding  rigs,  etc.  In  like  manner  each 
department  would  present  its  problems  and  the  boy  be 
taught  to  meet  them. 

The  amount  of  instruction  given  in  connection  with 
such  a  course  would  be  about  equivalent  to  a  practical 
high  school  course. 

No  attempt,  however,  would  be  made  to  make  drafts- 
men of  the  men,  or  to  take  them  beyond  the  work  for 
which  they  were  intended.  The  entrance  requirements 
would  be  such  that  the  applicant  must  have  had  a  good 
common-school  education.  In  starting  the  school  it  would 
be  necessary  to  start  it  as  a  factory  employing  journey- 
men, but  as  the  boys  advanced  the  proportion  of  jour- 
neymen could  be  cut  down,  though  it  would  always  be 
necessary  to  have  some.  Such  an  institution  as  this 
should  be  self-supporting  after  the  first  year,  as  while 
the  boys  would  undoubtedly  spoil  considerable  material, 
this  would  be  in  a  large  measure  offset  by  the  fact  that 
they  would  work  for  work's  sake ;  in  other  words,  would 
not  soldier.  While  such  a  plant  as  this  would  not  have 
any  dividends  to  pay,  it  would  nevertheless  have  to 
support  the  teaching  force,  which  would  probably  be 
equivalent  to  a  fair  dividend  on  the  capital  invested. 
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The  recitations  of  the  boys  would  be  so  arranged  as 
to  alternate  in  snch  a  way  that  a  certain  proportion  of 
them  would  be  ont  of  the  shop  all  the  time ;  for  instance, 
one  class  would  have  their  recitations  on  Monday,  Wed- 
nesday and  Friday  mornings;  another  on  Tuesday, 
Thursday  and  Saturday  mornings.  In  like  manner  the 
others  would  have  afternoons  on  alternate  days.  The 
plant  would  run  six  days  a  week  throughout  the  year, 
with  the  exception  of  a  shut-down  for  ten  days  or  two 
weeks  at  the  holidays  and  the  granting  of  such  other 
holidays  as  Decoration  Day,  Independence  Day,  Labor 
Day  and  Thanksgiving. 

Such  a  school  as  this  would  make  an  excellent  pre- 
paratory school  for  our  technical  schools  and  colleges, 
and  while  the  graduates  from  this  trade  school  would 
go  to  the  technical  schools  conditioned  in  f oregn  lan- 
guages, they  would  receive  credit  for  shop  work  which 
would  more  than  balance  this  deficiency  in  lang^utge. 

For  boys  who  wish  to  become  foremen  and  man- 
agers it  might  be  well  to  arrange  a  fifth  or  post-grad- 
uate year  during  which  a  course  on  shop  management, 
shop  systems,  etc.,  would  be  given.  The  students  in 
this  fifth  year  would  be  given  positions  as  foremen,  or 
assistant  foremen,  in  different  departments  of  the 
works.  It  mi^t  be  found  best  to  insist  on  the  men's 
spending  at  least  two  years  working  at  the  trade  in 
some  outside  manufactories  before  they  were  allowed 
to  return  and  take  the  post-graduate  course. 

When  a  boy  finished  his  course  he  would  be  given  a 
suitable  certificate  or  diploma,  paid  back  the  original 
one  hundred  dollars  which  he  deposited  with  four  per 
cent,  interest,  and  paid  all  bonuses  which  might  be  due 
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him.  In  many  cases  this  might  amount  to  several  hun- 
dred dollars.  It  is  quite  likely  that  in  most  depart- 
ments it  would  be  found  best  to  furnish  each  boy  with 
an  individual  kit  of  tools  which  would  be  charged  to 
him  at  the  lowest  possible  rate,  and  would  be  paid  for 
at  the  end  of  his  course. 

One  very  important  feature  of  this  system  would  be 
the  necessity  of  preparing  a  special  set  of  text-books  to 
fulfill  the  exact  requirements  of  the  case,  and  upon  the 
preparation  of  these  text-books  the  success  of  the  enter- 
prise would  largely  depend. 

The  ideal  location  for  such  a  school  should  receive 
careful  consideration.  If  it  were  placed  in  or  near  a 
large  city  it  would  be  possible  to  arrange  visits  to  other 
works  and  the  libraries  of  the  city  would  also  be  avail- 
able for  the  students.  On  the  other  hand,  the  distract- 
ing influences  of  the  city  might,  and  probably  would, 
more  than  neutralize  all  advantages  to  be  gained  from 
such  a  location.  If  the  plant  were  located  in  a  small 
town  at  least  twenty-five  or  thirty  miles  from  a  large 
city  the  high  city  taxes  would  be  avoided,  there  would 
be  less  going  on  at  night  to  take  the  boy's  attention 
from  study,  and  it  is  also  probable  that  the  works  could 
be  built  on  a  somewhat  more  extensive  plan,  with  ample 
yard  room,  dumping  ground,  etc. 

It  would  be  necessary  to  construct  commodious  and 
well-arranged  dormitories  for  the  students,  and  to  pro- 
vide some  form  of  recreation  in  the  form  of  gymnasium, 
etc.,  though  the  necessity  for  these  would  be  only  for 
recreation  and  not  for  physical  development,  as  the 
shop  work  would  probably  be  sufficient  for  that. 
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At  the  Bnffalo  meeting  of  this  Society  held  in  1901, 
a  paper  by  Professor  J.  D.  G.  Mack,  of  the  University 
of  Wisconsin,  set  forth  the  plans  then  projected  by  the 
late  Dean  J.  B.  Johnson  for  a  six  weeks'  snnuner  course 
for  artisans  and  apprentices,  to  be  given  for  the  first 
time  that  year.  The  success  of  the  undertaking  was 
sufficient  to  lead  the  authorities  to  continue  the  school 
and  it  is  now  entering  upon  its  fifth  session.  The  plan 
being  unique  it  was  thought  worth  while  to  present  to 
this  Society  the  general  results  of  the  work  up  to  date, 
together  with  some  considerations  touching  the  problem 
of  secondary  technical  education  in  general.  Higher 
technical  education,  such  as  developed  so  widely  and 
on  the  whole  so  satisfactorily  throughout  the  country 
has  received  its  share  of  discussion  at  the  hands  of  this 
Society ;  and  while  there  appears  to  be  wide  differences 
of  opinion  among  the  members  on  some  questions,  we 
are  not,  after  all,  far  apart  on  the  ideals  towards  which 
we  are  striving.  It  is  plain,  however,  that  with  all  that 
can  be  accomplished  in  our  numerous  institutions  for 
the  training  of  engineers  there  is  a  wide  gap  in  tech- 
nical education  which  is  as  yet  almost  wholly  unfilled. 

It  was  the  appreciation  of  the  need  of  instruction  of  a 
lower  grade  that  led  the  late  Professor  Johnson  to  estab- 
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lish  in  1901  the  so-called  *  *  School  for  Apprentices  and 
Artisans''  at  the  University  of  Wisconsin.  There  was 
available  during  the  summer  months  the  idle  equip- 
ment of  the  laboratories,  and  instructors  for  the  work 
could  readily  be  had ;  and  it  was  his  belief  that  if  the 
State  could  render  a  service  in  this  way  it  should  do 
so.  As  stated  in  the  first  prospectus  the  school  was 
planned  to  aid  machinists,  carpenters,  sheet-metal 
workers;  stationary,  marine  or  locomotive  engineers; 
shop-foremen  and  superintendents ;  superintendents  of 
water-works,  electric  light  plants,  power  stations  and 
factories;  and  young  men  who  wish  to  qualify  them- 
selves for  such  positions. 

In  the  first  session,  courses  were  provided  in  engine 
and  boiler  practice,  applied  electricity,  machine  design, 
materials  of  construction  and  shop  work.  In  the  first 
year  the  attendance  was  forty-five  and  work  in  all  of 
these  lines  was  called  for,  the  bulk  of  it  being  in  the 
dynamo  laboratory,  the  steam  laboratory  and  the  ma- 
cine  shop.  In  general,  the  same  plan  as  at  first  adopted 
has  been  followed  at  each  subsequent  session.  The 
attendance  has  grown  steadily,  being  ninety-one  last 
year  and  about  one  hundred  the  present  year.  It  has 
not  been  found  necessary  to  alter  the  original  plan  of 
instruction  to  any  considerable  extent,  but  some  expan- 
sion has  taken  place  in  the  courses  offered  and  neces- 
sarily in  the  instructional  force  employed.  As  outlined 
for  the  present  session  the  work  offered  is  as  follows : 

I.  Engines  cmd  ^oiZer^.— Lecture  Courses:  (1) 
Theory  of  heat,  steam  engines  and  boilers,  (2)  valves 
and  valve  gears,  (3)  gas  engines,  (4)  refrigerating  ma- 
chines, (5)  compressed  air,  (6)  boiler  and  engine  testing. 
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Laboratory  courses:  (7)  Calibration  of  instruments, 
(8)  testing  steam  engines  and  boilers,  (9)  setting  valves, 
(10)  testing  gas,  gasoline  and  hot  air  engines,  (11) 
testing  refrigerating  machines. 

II.  Applied  Electricity.— (1)  Dynamos  and  motors, 
(2)  electric  wiring,  (3)  meters,  (4)  transformers,  (5) 
lighting,  (6)  telephone  service,  (7)  electric  batteries, 
(8)  electric  station  records,  (9)  elementary  theory  of 
alternating  currents  and  their  applications,  (10)  elec- 
troplating and  electrotyping. 

III.  Machine  Design.— (1)  Use  of  elementary  for- 
mulas, (2)  mechanical  drawing  for  artisans,  (3)  machine 
design,  (4)  transmission  of  power. 

IV.  Materials  of  Construction.— (1)  Lectures  on  the 
properties  of  materials,  (2)  tests  of  the  strength  of 
materials. 

V.  Fuels  and  Lubricants.— {1)  Lectures  on  fuels  and 
lubricants,  (2)  tests  of  fuels  and  lubricants. 

VI.  Shop  Work.—  {l)  Bench  and  machine  work  in 
wood,  (2)  foundry  work,  (3)  bench  workiniron,  (4)  pro- 
duction of  flat  surfaces  and  straight  edges,  (5)  machine 
work  in  iron,  (6)  practice  with  the  planing  and  milling 
machines,  (7)  forge  work,  (8)  tool  making,  (9)  practice 
with  the  lathe  and  milling  machines,  (10)  machine  con- 
struction and  pattern  work,  (11)  pattern  making,  (12) 
carpentry. 

VII.  Manual  Training.— (1)  Manual  training  for 
teachers  in  the  grades,  (2)  mechanical  drawing,  (3) 
free-hand  drawing,  (4)  descriptive  geometry,  (5)  shop 
work,  (6)  seminary. 

The  most  important  addition  to  the  work  this  year 
is  the  special  course  in  manual  training,  for  which  the 
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demand  has  developed  by  reason  of  the  opportunities 
afforded  for  taking  shop  work.  A  special  instructor 
has  been  engaged  this  year  for  this  department. 

All  of  the  courses  offered,  with  the  exception  of  some 
of  those  in  drawing  and  in  the  shop,  are  intended  only 
for  the  artisan  class,  although  a  few  students  of  higher 
grade,  including  three  or  four  college  instructors,  have 
been  permitted  to  carry  on  work  in  the  laboratories  by 
special  arrangement.  The  force  of  teachers  engaged 
this  year  is  as  follows :  Four  in  steam  engineering  and 
materials  of  construction,  four  in  applied  electricity, 
three  in  machie  design  and  mechanical  drawing,  four 
in  shop  work,  and  one  in  manual  training.  Two  are 
full  professors,  five  assistant  professors  and  the  re- 
mainder are  of  the  grade  of  instructor.  Three  of  the 
number  are  from  other  schools. 

As  would  naturally  be  expected,  the  work  of  instruc- 
tion is  rather  difficult.  The  students  are  organized  into 
classes  as  far  as  possible,  but  for  the  most  part  the  work 
is  individual,  as  the  preparation  of  the  students  and 
their  requirements  vary  greatly.  However,  the  prepara- 
tion is  on  the  whole  satisfactory  for  the  work  and  is  bet- 
ter now  than  at  the  first  session.  The  artisan  student  is 
greatly  aided  by  his  practical  knowledge,  and  compared 
to  an  inexperienced  student  with  the  same  amount  of 
schooling,  his  capacity  for  work  and  absorbing  instruc- 
tion is  much  superior.  Nearly  all  have  had  some  high- 
school  or  correspondence  instruction  and  have  some 
knowledge  of  algebra.  Enough  have  not  this  knowl- 
edge, however,  to  make  it  desirable  to  give  some  in- 
struction in  the  use  of  formulas.  Considerable  care 
}ias  to  be  exercised  in  the  selection  of  instructors,  since 
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many  of  the  students  have  had  much  practical  expe- 
rience and  a  green  graduate  would  make  a  poor  showing. 

The  success  of  the  school  must  of  course  be  measured 
by  the  results  accomplished  and  of  these  it  is  not  easy 
to  form  a  conclusive  judgment.  In  spite  of  the  short- 
ness of  the  term  much  is  undoubtedly  done  with  the 
typical  artisan  student  in  giving  him  a  better  insight 
into  the  theoretical  basis  of  the  matters  with  whidi  he 
is  already  familiar  in  a  practical  way.  He  usually 
shows  the  most  intense  enthusiasm  and  works  for  the 
six  weeks  at  a  tremendous  pace.  No  urging  is  ever  re- 
quired,  but  often  he  must  be  restrained  from  attempt- 
ing too  much.  At  the  rate  at  which  the  work  is  done 
and  the  long  hours  devoted  to  it  (about  eight  hours  a 
day  actually  in  the  class  and  laboratory  or  drafting 
room)  and  with  the  practical  preparation  of  the  major- 
ity of  the  students  a  considerable  amount  of  really  val- 
uable work  is  accomplished.  Compared  to  night-school 
study  it  would  certainly  be  equal  to  a  good  year 's  work. 
The  students  are  invariably  highly  pleased  with  what 
they  get  but  a  better  indication  of  the  value  of  the  work 
is  the  fact  that  it  has,  in  a  number  of  instances,  led  the 
men  into  better  positions,  and  also  that  in  several  cases 
men  have  come  back  for  a  second  year. 

The  proportion  of  students  belonging  to  the  class  for 
which  the  work  is  planned  has  been  about  constant, 
and  roughly  about  two  thirds  of  the  total,  the  balance 
being  made  up  of  engineering  students,  instructors  of 
other  schools  doing  special  work,  and  a  few  others. 
Last  summer  the  occupations  represented  were :  Steam 
engineer,  normal  training  teacher,  pattern  maker,  elec- 
trician, machinist,  armature  winder,  blacksmith,  gas 
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works  employe,  chemist,  draftsman,  erecting  machinist, 
refrigeration  engineer,  apprentice,  superintendent  of 
power  plant,  carpenter,  machinist  apprentice,  manager 
of  electric  plant,  farmer,  instructor  in  engineering.  Ac- 
cording to  the  replies  to  the  question  put  to  them,  thirty- 
nine  were  aiming  to  fit  themselves  better  for  the  follow- 
ing work : 

Mechanical  Engineer  3 

Draftsman ' 8 

Stationary  engineer   8 

Electrical  engineer 4 

Machinist    3 

Superintendent  electrical  power  plant 2 

Central  station  work  7 

Manager  ice  manufacture  1 

Engine  salesman  1 

Manual  training  teacher 2 

A  few  of  the  better  prepared  students  have  decided 
to  take  an  engineering  course  after  getting  a  taste  of 
the  work. 

At  first  it  was  thought  that  perhaps  the  area  trib- 
utary to  this  school  would  in  two  or  three  years  be 
somewhat  exhausted  of  students  who  were  interested 
in  just  this  kind  of  work,  but  our  experience  has  shown 
that  in  spite  of  our  unfavorable  location  for  the  pur- 
pose, the  attendance  is  likely  to  increase  so  long  as  the 
school  is  continued.  The  cost  of  the  six  weeks  term  is 
in  the  neighborhood  of  fifty  dollars  including  a  general 
fee  of  fifteen  dollars. 

On  the  whole,  the  experiment  in  this  field  of  tech- 
nical education  may  be  considered  a  fair  success,  and 
good  evidence  that  such  an  opportunity  for  securing 
instruction  will  be  availed  of  at  a  considerable  incon- 
venience and  cost  to  the  student. 
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It  has  been  felt  from  the  outset  that  to  permanently 
maintain  a  school  of  this  sort  by  the  college  of  engi- 
neering would  be  difficult.  To  ask  of  the  regular  in- 
structors several  successive  summer  terms  of  this  work 
would  in  the  end  be  disadvantageous  to  them  and  to 
the  school  by  preventing  them  from  getting  desirable 
experience  in  practical  work,  although  this  difficulty 
can  be  met  to  some  extent  by  getting  help  from  other 
schools  and  by  alternating  instructors.  We  are  of  the 
opinion,  however,  that  the  university  is  serving  the 
state  in  a  valuable  way  by  carrying  on  this  work,  and 
so  long  as  the  interest  in  it  continues  to  increase  there 
will  doubtless  be  found  some  way  of  doing  it  until  a 
more  effective  system  is  organized. 

So  far  as  is  known  to  the  author,  this  school  for 
artisans  is  the  first  instance  in  this  country  where  a 
state  has  provided  technical  instruction  of  the  grade 
described.  There  is  an  enormous  demand  for  some- 
thing of  this  sort,  as  is  evidenced  by  the  great  work  of 
tiie  correspondence  schools ;  and  there  is  quite  as  much 
reason  for  the  state  to  encourage  such  instruction  as 
that  now  given  in  the  various  state  engineering  schools. 
Since  this  work  was  begun  at  Wisconsin  similar  ar- 
rangements have  been  made  at  the  State  College  of 
Kentucky  and  the  Agricultural  College  of  Michigan. 
Dean  Anderson,  of  Kentucky,  writes  that  their  school 
is  successful  in  meeting  the  needs  of  the  artisan  class. 
In  their  case  class  work  is  not  attempted,  individual 
instruction  being  the  rule.  The  Michigan  school  has 
just  opened. 

It  is  probable  that  other  established  schools  will  un- 
dertake similar  work,  but  at  best  such  courses  can  never 
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begin  to  meet  the  real  demand  for  this  instruction. 
They  are  only  makeshifts,  to  be  employed  until  some- 
thing better  can  be  provided.  They  have,  however, 
served  to  answer  the  question  whether  or  not  instruc- 
tion of  a  secondary  technical  character  is  needed  in 
the  localities  in  question.  This  brings  us  to  the  ques- 
tion, how  is  this  instruction  to  be  provided  for  and  what 
should  it  bef 

There  are  now  in  this  country  something  like  one  hun- 
dred and  twenty-five  engineering  schools  whose  aim  is 
essentially  the  same,  that  of  training  men  for  the  engi- 
neering profession.  Practically  all  of  these  either  now 
require,  or  aim  to  do  so,  a  full  high  school  course  for 
admission,  and  the  instruction  is  arranged  with  refer- 
ence to  the  needs  of  a  professional  man.  For  the  me- 
chanic or  artisan  who  cannot  afford  six  or  eight  years 
in  addition  to  the  grammar  sdiool,  but  who  can  and 
would  afford  a  fair  term  of  schooling  if  the  right  kind 
were  available  at  the  right  time,  practically  no  school 
exists.  His  strenuous  but  almost  vain  efforts  by  the 
thousands,  in  every  large  city  of  the  country,  to  get 
this  by  the  correspondence  method  is  sufficient  evidence 
of  this  fact. 

And  the  need  of  such  schools  is  shown  not  only  by 
the  demand  for  education  on  the  part  of  the  student, 
but  the  demand  for  men  of  some  training  on  the  part 
of  industrial  establishments.  At  present  the  only 
source  of  supply  is  the  engineering  schools,  but  the 
needs  are  much  greater  than  can  be  met  by  these  schools 
and  are  at  the  same  time  such  as  could  often  be  met 
satisfactorily  by  men  of  less  theoretical  training  than 
the  regular  engineering  graduates.    Many  of  the  posi- 
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tions  wiU  never  require  real  professional  skill  or  great 
business  ability,  but  do  require  more  technical  knowl- 
edge than  can  be  secured  in  any  other  way  at  present 
than  by  attendance  at  our  engineering  schools.  Under 
the  present  system,  however,  there  is  in  most  localities 
absolutely  no  middle  course  to  pursue.  The  boy  is 
practically  forced  to  go  through  a  four-year  high  school 
and  then  through  a  four-year  professional  engineering 
course,  or  he  can  do  nothing  at  all. 

I  believe  that  the  conditions  will  not  be  satisfactorily 
met  until  two  grades  of  technical  schools  are  generally 
provided.  A  recognition  of  the  need  of  doing  some- 
thing in  this  direction  has  been  one  of  the  reasons  for 
the  general  introduction  of  manual  training  into  the  high 
schools,  although  its  use  in  the  general  education  of  the 
youth  is  the  more  usual  reason,  and  rightly  so.  There 
is  much  confusion  on  this  subject,  however,  with  the 
result  that  in  many  cases  the  manual  training  is  so 
overdone  and  so  poorly  taught  as  greatly  to  detract 
from  the  strength  of  the  course  as  a  general  education, 
yet  without  being  of  any  considerable  value  to  the  stu- 
dent as  technical  training.  But  the  need  still  remains 
and  almost  nothing  has  been  done  to  meet  it. 

A  few,  three  or  four,  well-known  institutions,  founded 
by  private  funds,  have  put  themselves  into  the  work, 
the  most  notable  one  being  the  proposed  Carnegie 
Schools  of  Pittsburg.  Following  the  wishes  of  the 
founder,  this  institution  will  devote  itself  exclusively  to 
this  great  work,  leaving  for  the  present  at  least  the 
professional  education  to  the  already  numerous  engi- 
neering schools  of  the  country.  It  is  proposed  there  to 
have  four  separate  schools:  (1)  A  school  of  applied 
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science,  being  a  technical  school  of  secondary  grade; 
(2)  a  school  for  mechanics  and  artisans,  with  short 
courses  and  day  and  evening  classes;  (3)  a  school  of 
fine  and  industrial  art;  and  (4)  a  woman's  industrial 
school.  In  the  prospectus  of  the  technical  school  it  is 
proposed  that  the  courses  shall  be  three  years  in  length 
with  entrance  requirements  little  if  any  above  the  gram- 
mar school.  The  announced  purpose  is  to  train  de- 
signers, inspectors,  foremen  and  superintendents  for 
the  industries  of  Pittsburg,  and  includes  in  its  curric- 
ulum steel  manufacture,  structural  steel  draughting  and 
construction,  machine  construction,  glass  manufacture, 
clay  working  and  ceramics,  gas  manufacture,  etc.  To 
such  a  system  of  schools  hundreds  will  attend  in  such 
a  district  as  Pittsburg  when  tens  would  begin  a  four- 
year  professional  course  of  engineering.  When  these 
plans  are  carried  out  imder  the  liberal  endowments 
Pittsburg  should  have,  with  the  university  and  profes- 
sional schools  near  at  hand,  the  soundest  basis  for  in- 
dustrial progress  of  any  city  in  the  country.  A  similar 
need  exists  in  every  large  industrial  center  in  the 
country. 

It  is  of  interest  to  note  what  Germany  is  doing  in 
this  field.  Her  high  grade  engineering  schools  are 
well  known  to  members  of  this  Society,  but  it  is  doubt- 
ful if  the  extent  of  her  secondary  technical  school 
is  so  well  appreciated.  A  most  valuable  and  in- 
structive document  relating  to  this  is  the  special  con- 
sular report  on  industrial  education  in  Germany,  1905, 
prepared  by  Deputy  Consul  Meyer  at  Chemnitz.  In 
Prussia,  for  example,  there  are  twenty-two  schools  of 
building  construction  with  a  two-year  course,  and  en- 

(18) 


194  8UPP0BT  OF  TECHNICAL  80H00I£. 

trance  requirements  equivalent  to  one  or  two  years  of 
an  American  high  school.  The  attendance  at  these 
schools  is  ahont  5,000.  There  are  fifteen  or  twenty 
mechanical  engineering  schools  of  second  grade,  with 
generally  a  two-year  coarse,  and  entrance  reqnirements 
eqnal  to  two  years  of  high  schooL  These  were  attended 
in  1901-02  by  about  2,600  students.  In  these  schools 
instruction  is  given  in  mathematics,  physics,  chemistry, 
engines  and  motors,  draughting,  descriptive  geometry, 
electricity  and  business  practice.  There  are  also  many 
special  technical  schools,  and  innumerable  trade  schools ; 
and  outside  of  Prussia  the  other  German  States  are 
about  equally  well  provided.  In  Prussia  there  are  ten 
mining  schools  with  two-year  courses  and  1,200  stu- 
dents, besides  the  professional  mining  schools  of  Berlin 
and  Clausthal.  Notwithstanding  Ihis  great  supply  of 
secondary  schools  the  technical  high  schools  of  Germany 
have  had  a  growth  very  similar  to  our  own  engineering 
schools.  In  1903  the  attendance  in  the  nine  schools  of 
first  rank  was  14,626.  At  Charlottenburg  the  number 
of  regular  students  was  3,089,  with  3,904  more  attend- 
ing as  Horer. 

In  this  country  the  various  states  have  solved  the 
problem  with  respect  to  the  higher  grade  of  school 
and  there  is  every  good  reason  why  schools  of  the  lower 
grade  should  also  be  supported  by  taxation.  If  this 
work  is  to  be  so  undertaken,  the  question  arises  whether 
it  would  be  best  to  place  it  in  the  state  universities  and 
agricultural  colleges,  in  which  the  engineering  courses 
now  fairly  approach  the  professional  basis.  This  pol- 
icy would  hardly  seem  wise.  Different  grades  of  work 
would  tend  to  confusion  and  the  probable  neglect  of  the 
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lower  grade  for  sake  of  the  upper  as  the  funds  avail- 
able are  never  satisfactorily  large  in  any  case.  It  seems 
that  it  mi^t  have  been  a  wise  policy  for  those  states 
which  have  established  both  a  university  and  an  agri- 
cultural and  mechanical  college  to  have  created  at  the 
university  a  strong  professional  school  of  engineering 
and  reserved  distinctly  the  mechanical  college  for  work 
of  the  lower  grade.  The  location  of  these  schools  is, 
however,  often  not  favorable  for  economically  doing 
this  work.  It  has  happened,  too,  in  some  cases  that 
the  agricultural  and  mechanical  colleges  have  received 
a  more  adequate  support  than  the  universities  and  have 
found  it  desirable  to  advance  the  work  to  the  higher 
grade.  Naturally  all  faculties  desire  to  do  the  higher 
work,  with  the  result  that  all  are  trying  to  do  the  same 
work  and  none  the  lower  grade.  Not  a  few  of  our 
schools  have  thus  been  perverted  from  the  purpose  of 
the  founder,  or  of  the  law-making  body  establishing  the 
school.  It  is  indeed  probable  that  the  Morrill  act  itself 
contemplated  something  very  different  from  the  engi- 
neering schools  that  have  for  the  most  part  actually 
resulted  from  this  legislation.  Apparently  the  Car- 
negie schools,  at  least,  will  be  a  brilliant  exception  to 
this  rule. 

Are  we  not  too  ambitious  and  have,  as  a  result,  moved 
forward  in  so  nearly  parallel  lines  as  to  leave  a  big 
gap  that  almost  no  one  is  willing  to  fill  f  The  state 
must  do  this  in  some  way  if  it  is  to  be  done.  Mr.  Car- 
negie has  touched  a  vast  number  of  communities  with 
his  inspiring  wand,  but  in  such  matters  as  these  Car- 
negie belongs  to  Pittsburg  alone.  Such  schools  should 
naturally  be  located  in  large  cities  and  industrial  cen- 
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ters  and  might  either  be  supported  by  the  state  or  by 
the  city  with  a  certain  amount  of  state  aid,  as  in  the 
case  of  other  departments  of  the  public  school  system. 
The  state  of  Wisconsin  lends  aid  to  counties  in  the 
establishment  of  county  agricultural  schools  and  county 
training  schools  for  teachers;  and  a  similar  arrange- 
ment for  local  technical  schools  would  seem  to  be  en- 
tirely fair,  as  the  state  at  learge  reaps  a  decided  benefit. 
Whether  such  a  school  or  schools  could  wisely  be  in- 
cluded in  the  public  high  school  system  is  doubtful, 
although  not  impossible.  In  such  a  case  special  courses 
must  be  arranged,  with  perhaps  one  or  two  of  the  first 
years'  work  similar  to  the  present  high  school  course. 
Thereafter  the  course  would  necessarily  be  special,  and 
with  no  expectation  to  be  used  as  preparatory  to  col- 
lege or  professional  school.  Its  aim  should  be  special 
from  start  to  finish.  A  fair  beginning  has  already  been 
made  in  this  direction  in  the  business  courses  provided 
in  many  cities,  but  the  efforts  in  the  technical  direction 
have  been  feeble  and  of  little  value.  In  large  cities  a 
separate  building  and  separate  school,  but  not  more  than 
one,  would  in  most  cases  be  preferable  and  economical. 
In  this  school  there  should  be  included  the  technical 
work,  the  business  course,  night  school  work,  and  in 
many  cases  trade  schools  of  a  nature  depending  upon  the 
industries  of  the  locality.  Already  one  state  at  least, 
California,  has  begun  this  work  in  the  establishment  of 
a  so-called  polytechnic  school  at  San  Luis  Obispo, 
where  three-year  courses  are  given  in  agriculture,  me- 
chanics and  domestic  science,  taking  students  directly 
from  the  grammar  schools.  The  course  in  mechanics 
includes:  English,  history,  freehand  and  mechanical 
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drawing,  algebra,  geometry,  trigonometry,  botany, 
bookkeeping,  physical  science,  chemistry,  physics,  ar- 
chitectural drawing,  carpentry,  forging  and  blacksmith- 
ing  and  electrical  working.  Outside  of  the  summer 
school  courses  already  mentioned  this  school  is,  so  far 
as  the  author  knows,  the  first  attempt  of  a  state  to  sup- 
port a  technical  school  of  a  secondary  grade. 

Let  each  state  now  possessing  a  good  engineering 
school  see  to  it  that  it  is  adequately  supported,  and  as 
soon  as  possible  put  on  a  high  grade  professional  basis. 
In  my  opinion  it  is  fortunate  for  this  school  if  it  is 
located  at  the  state  university  and  certainly  it  is  fortu- 
nate for  the  university.  But  while  doing  this  let  the 
state  also  render  its  aid  in  the  establishment  of  one  or 
more  secondary  technical  schools  placed  in  central  loca- 
tions with  respect  to  its  main  industries,  the  great 
industry  of  agriculture  to  be  given  full  considera- 
tion. The  school  of  engineering  could  then  devote 
itself  to  training  for  the  profession  unhampered  by 
many  of  the  drawbacks  under  which  it  now  labors. 
The  entrance  requirements  could  in  fairness  be  placed 
higher  than  at  present  and  gradually  more  or  less  col- 
lege work  could  be  required.  The  study  of  algebra, 
trigonometry,  English  and  the  foreign  languages  has 
no  place  in  the  curriculum  of  a  professional  course,  but 
under  present  circumstances  it  would  be  unfair  to  the 
young  men  of  the  state  for  these  studies  to  be  required 
for  entrance  without  in  some  way  providing  for  a  course 
where  the  requirements  are  less  severe.  With  such 
provision  made  we  would  ultimately  have  on  the  one 
hand  genuine  professional  schools  with  instruction  in 
charge  of  the  best  talent,  each  man  an  expert  in  his 
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line,  and  a  course  of  four  years  devoted  exclusively  to 
scientific  and  professional  instruction.  And  on  the  other 
hand  there  would  be  a  system  of  secondary  technical 
schools,  maintained  distinctly  for  mechanics  and  ar- 
tisans, and  adapted  to  the  needs  of  the  locality.  The 
result  would  be  greatly  to  increase  the  supply  of  trained 
men,  to  the  great  advantage  of  the  industrial  interests 

of  the  state. 

Discussion. 

Pbofessob  Wm.  G.  Raymond  :  There  are  a  great  many 
points  made  in  this  last  paper  that  are  very  valuable 
and  ought  to  be  touched  upon.  I  want  to  speak  upon 
only  one.  I  wonder  if  you  heard  Dean  Tumeaure  say 
^'individual  instruction^'?  I  wonder  if  you  heard 
' '  eight  hours  a  day ' '  f  Professor  Johnson  said  it  could 
not  be  done,  but  his  successor  seems  to  be  doing  it.  I 
told  you  in  Pittsburg  I  felt  like  a  voice  crying  in  the 
wilderness. 

Professoe  Arthub  L.  Williston  :  Sooner  or  later,  it 
seems  to  me,  that  those  who  are  interested  in  technical 
education  in  this  country  have  got  to  face  the  question 
of  providing  the  right  kind  of  specialization  in  technical 
education  to  keep  abreast  with  the  industrial  specializa- 
tion which  is  going  on  everywhere  at  such  a  tremendous 
pace.  A  generation  ago  it  was  argued  that  one  type 
of  education  was  necessary  for  all  purposes.  A  gen- 
eral classical  course,  it  was  claimed,  was  all  that  was 
necessary.  Some  of  us  at  that  time  thought  differ- 
ently and  took  exception  to  that  theory.  We  believed 
that  while  the  individual  was  being  broadened  and 
educated,  he  might  be  trained  in  the  direction  of  his 
life  work  as  well  and  greatly  to  his  advantage.    The 
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soundness  of  this  argument  has  been  demonstrated  by 
experience.  But  the  same  argument  leads  us  to  the 
inevitable  conclusion  that  wherever  there  is  a  large 
body  of  young  men  who  want  to  prepare  themselves  for 
any  particular  industry,  that  it  is  wise  and  profitable 
to  establish  highly  specialized  courses  of  instruction 
especially  for  them.  Thus,  in  the  vicinity  of  Pittsburg, 
for  example,  courses  of  instruction  in  steel  manufacture 
and  in  foundry  practice  would  be  appropriate. 

Pbofessob  C.  a.  Waldo:  A  number  of  years  ago, 
Charles  O.  Thompson  made  some  investigations  in  Ger- 
many along  the  line  of  technical  education  for  the  United 
States  Commissioner  of  Education.  Assisting  in  that 
investigation,  I  visited  the  Weavers'  School  at  Saxony 
and  admired  greatly  its  organization,  its  direct  and 
definite  purpose  in  the  economy  of  the  country.  That 
experience  at  that  time  has  kept  me  awake  to  move- 
ments looking  towards  the  trades  education  of  our  own 
people.  It  has  seemed  to  me  that  the  public  institu- 
tions have  steered  clear,  or  fought  shy,  of  that  kind  of 
technical  education  for  the  people,  and  I  think  the  rea- 
son for  it  is  easily  found.  Many  of  our  large  colleges 
and  universities,  especially  iu  the  west,  being  so-called 
state  institutions,  are  dependent  for  their  support  upon 
the  good  will  of  the  people,  and  must  look  out  for  the 
labor  vote.  Trades  unions  fear  the  effect  of  trades 
schools  and  are  inclined  to  oppose  them.  In  talking 
with  Professor  Brashear  about  the  Carnegie  School  in 
Pittsburg  the  question  came  up  as  to  how  Mr.  Ham- 
erschlag,  who  is  in  charge,  would  be  able  to  get  around 
that  difficulty  in  his  organization,  and  I  was  told  that 
he  had  done  it  very  skillfully.    He  brought  together  at 
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a  banquet  in  the  beginning  of  his  administration  work- 
men and  foremen  in  the  varions  industries  about  Pitts- 
burg and  said  to  them  in  a  very  pleasant  way  that  the 
school  was  not  started  for  the  sake  of  the  millionaires 
but  for  the  children  of  such  as  were  present.  That 
idea  was  emphasized  in  every  way  and  it  brought  about 
an  adhesion  to  his  plans.  On  this  basis  the  school  was 
started  and  it  is  meeting  in  Pittsburg  with  the  favor 
of  those  for  whom  it  was  planned.  I  imagine  some- 
thing of  this  kind  must  be  done  to  make  trades  schools 
possible  where  dependent  upon  public  funds.  Of  course, 
private  trades  schools  may,  if  they  choose,  ignore  the 
opposition  of  the  unions,  if  it  exists. 

Pbofessob  WiLLisax>N :  In  Massachusetts  and  in  some 
other  places,  I  believe,  the  question  of  giving  govern- 
ment support  to  trade  schools  has  already  been  very 
seriously  considered.  Massachusetts  at  present  gives 
some  support  of  this  kind  to  one  particular  kind  of 
trade  schools,  and  has  done  so  for  a  number  of  years.  I 
refer  to  the  textile  schools.  In  three  of  the  great  textile 
centers  the  state  has  contributed  to  the  support  of  these 
schools,  which  carry  on  in  their  evening  classes  work  of 
a  strictly  trade  character.  The  greater  part  of  the 
work  of  the  day  classes  in  these  schools,  it  is  true,  is 
of  a  more  advanced  character,  and  comes  under  the 
head  of  what  might  more  properly  be  called  secondary 
technical  education,  but  there  is  suflScient  trade  instruc- 
tion given  in  them  to  give  a  well-established  precedent 
for  the  idea  of  state  support  for  trade  schools. 

Thus  far  there  has  been  no  apparent  opposition  on 
the  part  of  the  labor  unions  in  Massachusetts  to  the 
trade  school  movement,  and  if  it  is  handled  with  wisdom 
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I  think  there  is  little  danger  to  be  feared  from  these 
sources.  In  fact,  if  a  school  is  started  on  the  right 
basis  in  almost  every  commimity,  I  think  it  possible  to 
have  the  sympathy,  if  not  the  active  cooperation  of  the 
union  men.  The  reason  for  my  belief  is  this :  The  trade 
school  is  founded  for  the  benefit  of  the  workman,  and 
not  his  employer  (although  these  two  ideas  are  not  an- 
tagonistic). If  this  point  is  made  perfectly  clear,  as  it 
must  be,  and  furthermore  if  this  statement  of  the  pur- 
pose of  the  school  is  strictly  honest,  as  it  must  be,  if 
the  school  is  to  accomplish  the  things  for  which  it  was 
founded,  the  workmen  will  appreciate  the  advantages 
which  it  offers  and  give  it  their  individual  support,  even 
though  it  may  not  get  the  united  support  of  their  unions. 

The  point  that  I  have  tried  to  make  clear  here  is,  that 
there  is  no  reason  why  trade  school  instruction  and  ele- 
mentary technical  instruction  cannot  receive  just  as 
generous  public  support  as  advanced  technical  educa- 
tion, or  any  other  branch  of  education. 

In  this  connection  I  would  like  to  say  just  a  word 
regarding  the  work  in  Pittsburg  and  the  Carnegie 
Tedinical  Schools  which  have  just  been  spoken  of.  I 
was  one  of  the  members  of  the  Plan  and  Scope  Commit- 
tee of  that  school,  and  was  associated  with  Mr.  Hamer- 
schlag  on  that  committee  for  nearly  two  years  on  the 
preliminary  investigations  which  were  conducted  before 
the  work  of  the  school  was  actually  begun.  This  com- 
mittee spent  a  large  amount  of  time  in  Pittsburg  study- 
ing the  conditions  in  each  of  the  important  industries 
there.  We  went  about  among  a  very  large  number  of 
shops  and  factories,  interviewing  men  of  all  ranks  who 
were  picked  for  us  as  being  typical  and  representa- 
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tive  men  in  their  particular  trades  or  calling.  We  also 
had  meetings  with  committees  or  representatives  of  aU 
the  more  important  labor  unions,  and  talked  with  their 
officials,  and  from  not  a  single  one  of  them  was  there 
one  word  of  opposition  to  the  school.  The  working  por- 
tion of  the  commmiity  agreed  that  the  trade  and  ele- 
mentary technical  classes  which  were  to  be  organized 
would  be  of  great  help  to  them,  and  they  were  anxious 
to  have  the  school  started  as  soon  as  possible.  Since 
that  time  they  have  watched  the  school  with  a  great 
deal  of  interest— almost  jealously,  using  every  influence 
to  be  absolutely  certain  that  it  would  not  get  away  from 
the  purpose  for  which  Mr.  Carnegie  intended  it.  They 
have  wished  to  make  it  impossible  for  this  school  to 
grow  into  an  engineering  school  for  the  sons  of  well- 
to-do  citizens  on  the  one  hand,  giving  an  education  en- 
tirely out  of  their  reach,  or  becoming  on  the  other  hand, 
an  elementary  manual  training  school,  which  would  be 
of  comparatively  little  service  to  them. 

President  Howe  :  The  subject  of  technical  education, 
manual  training  schools  and  trade  schools  is  a  very  in- 
teresting one,  but  I  take  it  that  the  paper  and  the  re- 
marks just  made  apply  to  entirely  different  questions. 
If  I  understand  Dean  Tumeaure's  paper  he  advocates 
the  secondary  technical  school  and  the  trades  school, 
where  the  work  is  open  to  any  man.  The  Carnegie 
Technical  Institute  in  Pittsburg  does  not  propose  to  fol- 
low that  plan.  As  I  understand  the  matter,  it  is  to  take 
only  those  recommended  by  the  trade  unions.  It  is 
impossible  to  find  enough  trained  men  in  the  trades  to 
satisfy  the  demand  when  business  is  good.  Trade  un- 
ions limit  the  number  of  apprentices.    I  have  always 


8EG0NDABY  TEGHNICAIi  SCHOOLS.  203 

supposed  our  trade  schools  in  this  country  would  admit 
any  one  to  study  any  trade,  but  I  find  in  the  Carnegie 
Technical  Institute  that  only  those  men  who  are  actually 
in  the  trade  as  apprentices  are  to  be  admitted.  No  one 
is  to  be  allowed  to  go  there  to  study  a  trade  indepen- 
dently. That  is  to  say,  membership  in  the  Carnegie 
Trade  School  is  to  be  controlled  entirely  by  trade  un- 
ions. And  this  is  certainly  a  very  different  state  of 
affairs  from  what  is  outlined  in  the  paper  of  Dean 
Tumeaure.  I  might  say  in  this  connection  that  Mr. 
Hamerschlag  told  me  that  only  a  small  proportion 
of  men  who  studied  trades  in  the  New  York  trades 
schools  were  able  to  obtain  work  because  the  unions 
would  not  permit  them ;  only  a  small  proportion,  I  think 
about  ten  per  cent.,  of  the  men  obtained  positions  in  the 
trades  which  they  had  learned.  And  that  is  why  they 
adopted  the  other  plan  in  Pittsburg. 

I  was  interested  in  Dean  Tumeaure 's  explanation  of 
the  work  done  at  the  University  of  Wisconsin,  but  it 
seems  to  me  that  there  is  some  danger,  perhaps,  to 
engineering  education.  We  try,  as  engineering  schools, 
to  do  a  broad  line  of  engineering  work.  In  this  summer 
school  at  the  University  of  Wisconsin  a  man  is  taught 
certain  things  in  the  laboratory  in  a  very  brief  time. 
Suppose  we  take  the  case  of  testing  boilers.  When  a 
manufacturer  wants  a  boiler  plant  tested  he  goes  to  a 
mechanical  engineer.  This  man  not  only  knows  how  to 
do  the  work  but  knows  why  the  work  is  done  and  is  paid 
an  expert 's  fee  for  doing  it.  If  I  understand  the  mat- 
ter correctly  at  Wisconsin  during  the  summer  a  fireman 
or  an  engineer  may  be  given  a  course  in  boiler  testing, 
so  when  he  goes  out  he  thinks  he  can  test  a  boiler.    In 
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the  future  therefore  he  will  not  only  have  the  idea  that 
he  knows  all  about  boiler  testing,  but  the  manufaeturery 
the  man  for  whom  he  works,  will  think  it  is  as  easy  to 
take  the  man  to  whom  he  pays  three  dollars  a  day  and 
have  him  make  the  test  on  his  boilers  as  to  call  in  an 
expert  in  mechanical  engineering  and  pay  him  an  ex- 
pert's fee. 

Pbofessob  Whxiston:  In  reply  to  what  President 
Howe  said  of  the  Carnegie  Technical  Schools,  I  would 
like  to  say  that  there  will  be  certain  courses  offered 
there  for  men  who  are  already  engaged  in  given  trades, 
but  who  are  not  journeymen.  There  will  be  other 
courses  offered,  open  only  to  those  who  are  journeymen 
mechanics.  The  object  of  this  kind  of  classification  is 
precisely  the  same  as  the  entrance  examinations  re- 
quired for  the  different  departments  in  other  institu- 
tions. It  is  necessary,  in  order  to  do  the  most  effective 
work,  to  group  together  into  the  same  classes  the  men 
who  have  had  substantially  the  same  kind  and  amount 
of  training  experience.  Without  this  explanation,  I 
fear  the  statements  that  have  been  made  might  be  mis- 
leading. 
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FOR  GRADUATION. 

The  chairman^  Dean  Wm.  G.  Baymond,  stated  that 
the  report  of  the  committee  was  presented  last  year  and 
its  discussion  made  a  special  order  for  this  meeting.  In 
order  to  insure  discussion  a  number  of  members  were 
asked  to  speak  and  four— one  for  each  branch  of  engi- 
neering reported  on— were  ready  to  take  up  the  discus- 
sion. Dean  Tumeaure  would  speak  for  the  civil  engi- 
neers. Professor  Hibbard  for  mechanical  engineers. 
Professor  Freedman  for  electrical  engineers  and  Pro- 
fessor Munroe  for  mining  engineers.  Each  was  intro- 
duced in  turn  and  spoke  as  follows : 

Dean  F.  E.  Tubneaure  :  I  have  not  prepared  a  written 
discussion  but  I  have  a  copy  of  the  report  with  me  and 
have  made  note  of  a  few  points.  In  a  school  of  civil 
engineering  where  there  is  a  large  number  of  students, 
the  problem  of  handling  large  numbers  is  likely  to  mod- 
ify the  curriculum.  That  is  a  problem  we  have  been 
studying  to  some  extent  during  the  past  few  years  and 
one  of  the  methods  of  improving  the  work  which  we 
have  adopted  is  this :  We  have  reduced  to  some  extent 
the  required  work  of  the  senior  year  and  to  some  extent 
in  the  junior  year,  thus  giving  more  time  for  electives, 
not  with  the  idea  of  making  a  man  £  specialist  and  turn- 
ing him  out  as  an  engineer  of  this  or  that  kind,  but  pri- 
marily with  the  idea  of  encouraging  the  students  to 
divide  themselves  into  smaller  groups  in  their  advanced 
work  and  thereby  get  a  better  quality  of  instruction. 

(205) 
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It  is  the  quality  of  instmction  rather  than  the  kind  of 
instruction  that  we  think  is  improved  by  this  method. 
In  civil  engineering  we  have  reduced  to  some  extent  the 
required  work  in  railroad  engineering  and  in  structural 
engineering.  For  the  smaller  school  this  general 
scheme  would  not  be  so  satisfactory.  It  is  satisfactory 
in  a  large  school  if  among  the  relatively  large  number  of 
teachers  there  is  a  fair  proportion  of  high-grade  men. 
Under  such  conditions  a  large  school  ought  to  be  able 
to  teach  advanced  work,  such  as  might  be  included  in 
elective  studies,  to  better  advantage  than  a  small  one. 

For  a  number  of  years  undoubtedly  most  of  the  engi- 
neering schools  will  have  to  teach  IsLUgvieLge.  Two  or 
three  have  placed  their  requirements  so  high  so  that 
they  consider  they  do  not  need  to  teach  language,  either 
English  or  foreign  language.  Certainly  in  the  state 
schools  that  are  and  must  remain  closely  allied  to  the 
high  schools  of  the  state,  the  problem  is  not  so  much 
to  give  a  professional  education,  such  as  we  would 
prefer  to  give,  but  to  give  an  education  to  the  students 
who  come  to  us  which  at  the  end  of  four  years  wiU  turn 
out  the  best  sort  of  men.  It  will  be  some  time  before 
the  state  schools  as  a  rule  can  cut  out  language. 

I  think  for  civil  engineers  the  subjects  of  steam  engi- 
neering and  electrical  engineering  should  be  required 
more  generally  than  some  of  the  advanced  work  in  civil 
engmeering.  And  I  note  that  the  course  as  laid  out 
does  include  a  certain  amount  of  this  work.  Just  what 
work  in  mechanical  engineering  is  meant  does  not  ap- 
pear on  the  diagram,  although  presumably  it  is  some- 
thing besides  machine  design  as  the  subject  of  machines 
is  separately  stated. 
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The  subject  called  **  architecture ' '  I  presume  means 
elementary  work  in  building  construction.  This  work 
is  especially  desirable  for  civil  engineers  and  for  chem- 
ical engineers,  and  also,  to  a  less  degree,  for  other  engi- 
neers, but  not,  perhaps,  sufficiently  so  to  allow  it  to  take 
the  place  of  more  important  subjects. 

Pbofessob  H.  Wade  Hibbabd  :  I  have  brought  along  a 
number  of  copies  of  a  series  of  suggestions  regarding 
summer  vacation  shopwork,  which  I  believe  that  the 
committee  has  not  considered  as  a  part  of  the  require- 
ments for  graduation  in  mechanical  engineering.  I  will 
say  that  in  Sibley  College  for  a  number  of  years  we 
have  given  more  or  less  encouragement  to  students 
taking  summer  shop-work  in  commercial  shops,  and  my 
relations  with  certain  lines  of  shops  has  enabled  me 
to  get  a  good  many  students  into  desirable  positions. 
Thus  far  about  sixty  to  eighty  have  been  going  to  these 
shops  in  the  summer.  This  summer  I  believe  the  num- 
ber was  about  eighty  and  to  each  one  of  these  students 
suggestions  were  given.  As  I  had  some  copies  of  these 
suggestions  left  I  thou^t  I  would  distribute  them  as 
some  might  find  them  of  interest. 

In  this  shop-work,  an  attempt  has  been  made  in  the 
past  to  make  it  a  requirement  for  men  in  that  particular 
line  of  work,  but  the  regulations  of  the  university  au- 
thorities, or  past  custom  or  what  not,  have  stood  in  the 
way  of  requiring  work  not  done  directly  under  the  uni- 
versity officers  being  required  for  graduation.  We  are 
now  working  towards  that  end  and  hope  to  get  the  con- 
sent of  the  university  to  allowing  this  summer  ^s  shop- 
work  to  be  substituted  for  some  of  the  Sibley  shop- 
work,  and  a  little  later  we  are  going  to  make  a  still 
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further  move  to  have  this  summer  shop-work  required 
at  least  in  certain  courses,  and  I  hope  to  be  able  to 
present  a  paper  next  year  on  the  requirement  of  this 
subject  for  graduation.  I  thought  you  would  like  to 
know  what  we  are  hoping  to  accomplish  in  the  way  of 
commercial  shop-work. 

There  is  another  exceedingly  important  subject  which 
I  believe  has  not  been  touched  upon  at  all  in  this  course, 
viz.,  the  human  side  of  shop-work,  giving  some  courses 
in  the  university  along  the  line  of  the  management  of 
shops  and  along  the  line  of  shop  organization,  which 
might  perhaps  be  included  under  that  last  title  of  shop- 
work.  I  have  inferred  that  title  of  *  *  shop-work ' '  covers 
work  in  the  college  shop  and  not  the  theory  of  shop 
management  or  shop  organization.  I  will  say  that  this 
year  for  the  first  time  a  course  is  given  in  Sibley  Col- 
lege on  the  theory  of  shop  management  and  shop  organ- 
ization. 

Last  week  and  the  week  before  I  was  at  a  convention 
of  the  two  railway  mechanical  societies  at  Manhattan 
Beach,  where  very  great  attention  was  given  to  the 
subject  of  the  human  side,  the  man  side,  of  shop  man- 
agement ;  not  only  taking  up  the  subjects  of  tools  and 
the  getting  of  honorable  work  in  shop  design  for  power 
stations,  etc.,  but  taking  up  the  side  of  the  man  and 
managing  him,  the  man  who  is  to  manage  the  others. 
I  believe  that  this  has  been  a  subject  which  has  been 
most  unfortunately  neglected  by  many  of  our  engineer- 
ing schools  and  I  hope  that  it  will  be  considered  more 
important  in  the  future  than  it  has  been  in  the  past,  so 
that  we  may  have  proper  attention  given  to  that  side  of 
our  engineering  courses. 
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Professor  W.  H.  Freedmah  :  I  have  been  unable  to 
make  the  detailed  study  necessary  to  present  anything 
in  the  nature  of  an  elaborate  paper  on  this  subject^  but 
have,  however,  carefully  gone  over  the  Report  and 
made  some  notes  in  the  limited  time  at  my  disposal.  I 
can  perhaps  without  taking  up  much  time  consider  in 
detail  from  an  electrical  engineer's  standpoint  the 
points  that  I  have  noted.  I  assume  the  requirements 
for  graduation  to  be  such  as  to  require  the  TnininniTn 
number  of  hours  for  which  it  would  be  proper  for  an 
engineering  college  or  tmiversity  to  give  a  bachelor  of 
science  in  engineering  degree.  I  agree  with  Professor 
Tumeaure,  that  at  present  there  are  very  few  colleges 
in  this  country  that  can  entirely  omit  language  work. 
If  it  is  possible  to  obtain  foreign  laaguages  for  en- 
trance requirements,  they  should  be  omitted  in  order 
to  gain  time  for  the  technical  work.  English  should  be 
the  last  thing  dropped  from  our  language  requirements, 
and  enough  time  should  be  devoted  to  it  to  insure  the 
use  of  good  English. 

Then,  as  to  the  question  of  mathematics,  the  elec- 
trical engineer  should  be  taken  not  only  through  differ- 
ential and  integral  calculus,  but  should  have  a  short 
course  in  complex  quantities  to  enable  him  to  deal  with 
alternating  currents  more  easily.  If  certain  questions 
in  alternating  currents,  dynamo  design,  transitory  and 
cyclic  phenomena  are  gone  into  he  will  require,  besides 
vector  analysis,  an  insight  into  differential  equations, 
harmonic  analyses  and  Fourier 's  series. 

As  to  the  question  of  mechanics,  I  think  the  electrical 
engineer  should  have  something  on  stresses  and  strains 
and  on  elasticity,  as  these  are  important  in  his  dynamo 
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design  later  on.  In  a  great  many  institutions  these 
branches  of  mechanics  are  not  sufficiently  presented  for 
electrical  engineers. 

In  physics  there  should  be  not  only  all  the  usual  un- 
dergraduate work  but  also  work  in  higher  electrical 
measurements  including  questions  of  capacity,  self- 
induction  and  mutual  induction. 

In  statical  structures  the  electrical  engineer  should 
have  sufficient  insight  to  consider  the  subject  with  re- 
spect to  foundations,  which  are  so  important  for  his 
machinery. 

In  surveying,  if  there  is  time,  it  would  be  a  good  thing 
for  the  electrical  engineer  not  only  to  take  the  theory  of 
leveling  but  also  begin  on  railroad  surveying,  so  as  to 
be  familiar  at  least  with  the  ordinary  simple  surveying 
instruments. 

On  page  103  in  the  report  under  electrical  drawing 
are  given '  ^  shades,  shadows  and  perspectives. ' '  These 
should  be  mechanical  drawing  instead.  Although  I 
think  they  are  very  useful,  if  the  curriculum  is  crowded 
I  think  the  electrical  engineer  could  dispense  with  the 
subjects  of  ''shades,  shadows  and  perspectives"  easier 
than  any  other  portion  of  drawing. 

In  chemistry  I  think  the  electrical  engineer  should 
have,  as  is  mentioned  in  the  report  here,  a  very  prac- 
tical course  that  should  at  least  go  through  qualitative 
analysis.  Although  it  would  certainly  be  of  advantage 
to  have  qu^titative  analysis  included,  this  latter  could 
be  omitted  if  the  curriculum  is  too  crowded. 

As  to  mineralogy,  geology  and  botany,  mentioned  on 
page  112,  botany  in  a  great  many  places  is  required  for 
entrance,  and  is  disposed  of,  therefore,  in  that  way. 
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Mineralogy  and  geology  are  usually  omitted  from  an 
electrical  engineer's  requirements. 

As  to  machine  designing,  the  electrical  man  should  be 
given  sufficient  insight  if  possible  to  be  of  assistance  in 
dynamo  design  and  alternator  design,  and  also  go  quite 
deeply  into  the  questions  of  engine  governors  and  fly 
wheel  effect,  because  these  are  important  in  the  paral- 
leling of  alternators. 

Beferring  to  page  114, 1  think  what  is  mentioned  at 
the  beginning,  surveying,  should  be  included.  The 
general  subject  of  railroad  engineering  is  at  present  not 
only  of  interest,  but  almost  a  necessity,  to  the  electrical 
man.  He  should  know  and  be  familiar  with  train, 
grades  and  curve  resistances,  and  also  the  principles  of 
designing  the  ordinary  electrical  machinery  for  the 
present  trolley  car  because  that  is  nowadays  used  in 
interurban  work.  The  electrical  roads  between  cities 
and  in  cities  themselves  cannot  be  handled  entirely  by 
civil  or  mechanical  ^igineers,  for  the  equipment  neces- 
sitates an  electrical  engineer  more  or  less  familiar  with 
some  of  the  mechanical  and  railroad  details. 

When  it  comes  to  hydraulic  engineering,  in  order  to 
gain  as  much  time  as  possible,  I  think  the  electrical  man 
might  omit  canal  construction  and  the  improvement  of 
rivers  and  harbors.  He  should  however  include  the 
capacity  of  streams  for  power  development,  besides  a 
discussion  of  turbines  and  water  wheels  with  descrip- 
tions of  their  manufacture  and  installation. 

In  regard  to  subjects  which  are  apparently  lumped 
under  electrical  engineering  and  power  in  the  scheme 
presented  and  make  a  total  of  two  thousand  hours,  I 
think  that  the  electrical  man  graduating  from  a  college 
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or  university  shonld  have  had  in  some  way  or  another 
the  theoretical  and  fundamental  principles  in  all  of 
these  subjects:  Elements  of  electrical  engineering, 
dynamo,  electric  power,  railways,  lighting,  telegraphy, 
telephony  and  central  stations. 

There  should  be  an  insight  into  electro-chemistry 
and  metallurgy,  as  the  electrical  engineer  must  under- 
stand primary  and  storage  batteries. 

The  purely  theoretical  subjects,  including  mathemat- 
ical treatment  should  include  alternating  currents, 
theory  of  electricity  and  electro-mechanics. 

In  the  ordinary  undergraduate  course  I  doubt  if  there 
is  time  to  give  anything  but  an  insight  into  designing. 
I  doubt  if  there  can  be  gotten  out  of  the  student  any 
real  designing  that  would  be  of  value  to  him.  Conse- 
quently, though  some  of  you  may  think  that  perhaps  I 
have  outlined  a  rattier  heavy  course,  there  will  still  be 
left  a  good  deal  and  a  good  many  hours  for  ix)st-grad- 
uate  work  as  in  designing  in  the  various  departments 
of  direct  and  alternating  currents,  transformers,  con- 
verters and  various  direct  and  alternating  current  mo- 
tors, besides  the  larger  work  of  plant  installation. 

There  is  one  other  point  I  want  to  touch  upon,  page 
122,  and  that  is  the  conclusion  of  the  committee :  *  *  Such 
degrees  as  are  given  should  be  expressive  of  scholastic 
training  rather  than  business  titles.  Any  man  is  a  civil 
engineer  who  practices  civil  engineering,  and  until  the 
practice  of  this  profession  is  controlled  by  law  as  is  the 
practice  of  medicine,  very  little  value  will  be  attached 
to  the  degree  of  civil  engineer. ' ' 

When  they  raise  the  point  in  regard  to  degrees,  of 
course  everybody  has  his  own  opinion  as  to  what  de- 
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grees  should  be  given.  The  statement  regarding  the 
course  of  the  civil  engineer  I  suppose  is  intended  to  also 
apply  to  other  engineers— that  would  mean  mechanical 
and  electrical  engineers.  At  present  there  is  the  criti- 
cism  which  is  properly  made  in  the  report  that  these 
degrees  may  not  have  any  appreciable  value  and  any 
action  this  Society  could  see  its  way  clear  to  take  that 
would  increase  the  value  of  these  degrees,  I  for  one 
would  feel  very  grateful  for.  At  present  the  M.D. 
degree  given  the  physician  is  a  recognized  standard, 
but  while  the  physician  does  have  a  certain  amount  of 
practical  and  laboratory  work  and  has  a  certain  amount 
of  clinical  and  hospital  work,  yet  everybody  knows  he 
is  not  a  full-fledged  practicing  physician  the  instant  he 
graduates,  so  that  the  engineering  degrees  should  not 
be  taken  as  intimating  that  the  graduate  holding  them 
is  a  practicing  engineer.  Even  if  the  universities  do 
give  degrees  of  electrical,  mechanical  and  civil  engi- 
neer everybody  knows  that  the  holders  are  just  begin- 
ning their  life  work  and  that  if  they  are  not  students  by 
nature  the  fact  of  giving  them  degrees  will  not  make 
them  very  great  engineers.  Yet,  however,  it  seems  to 
me  that  the  mere  B.S.  degree,  with  the  present  arrange- 
ment of  the  curriculum,  is  perhaps  not  exactly  fair  to 
the  man  who  has  done  this  extra  technical  work.  I  do 
not  think  there  is  any  doubt  in  anybody  ^s  mind  that  the 
engineering  degree  nowadays  means  more  work  than 
the  B.S.  degree  which  used  to  be  given  years  ago  for 
scientific  attainments.  Besides  the  scientific  attain- 
ment there  must  be  a  certain  amount  of  technical  knowl- 
edge added  and  that  means  the  degree  is  much  more 
valuable  and  might  properly  indicate  as  much. 
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In  conclusion,  I  want  to  state  that  the  minimum, 
placed  by  the  committee,  of  seventy-two  hmidred  hours 
for  the  total  amount  of  work  done  I  think  is  rather  a 
happy  one  since  it  corresponds  very  closely  with  the 
eighteen  hours  work  a  week,counting  laboratory  one  hour 
and  allowing  two  hours  for  preparation  for  each  lecture 
or  quiz  hour.  Of  course,  the  minimum  number  of  hours 
any  university  should  demand,  I  think  depends  some- 
what on  the  age  of  its  students.  One  or  two  years  dif- 
ference in  maturity  makes  an  immense  amount  of  differ- 
ence in  the  amount  of  technical  work  a  student  can  turn 
out,  and  everybody  who  has  had  any  experience  in 
teaching  knows  the  difference  between  a  junior  and  a 
senior  is  very  great.  The  man  who  goes  away  a  junior 
and  at  the  end  of  his  vacation  comes  back  a  senior  is 
quite  a  different  man  and  can  easily  do  almost  twice  the 
amount  of  work  he  did  in  the  junior  year.  Questions 
that  involve  judgment  in  designing  or  testing  problems 
cannot  be  handled  by  the  junior  anywhere  near  with  the 
facility  that  they  can  by  the  senior. 

Peofbssob  Henby  S.  Munboe:— 1.  Nature  of  the 
Problem,  (a)  Mining  engineering  is  allied  to  civil  en- 
gineering, but  includes  also  work  in  mechanical  engi- 
neering and  electrical  engineering.  Under  the  head  of 
civil  engineering  must  be  included  such  subjects  as 
resistance  of  materials,  foundations,  structural  work  in 
wood,  iron  and  masonry,  railroad  location  and  water 
supply.  In  mechanical  engineering  and  electrical  engi- 
neering the  mining  engineer  has  to  deal  with  the  design, 
construction  and  operation  of  many  different  types  of 
machines  in  connection  with  the  work  of  excavation, 
economical  handling  and  treatment  of  minerals.    His 
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training  in  engineering  shonld  be  as  good  or  better  in 
these  lines  as  that  of  the  civil  engineer. 

(&)  In  addition  to  his  training  as  an  engineer,  the 
mining  student,  to  prepare  himself  for  the  develop- 
ment and  exploitation  of  mineral  deposits,  must  devote 
much  time  to  geology  and  the  allied  subjects  of  miner- 
alogy and  lithology. 

(c)  The  mining  graduate  should  have  as  complete  a 
training  as  practicable  in  the  subjects  of  metallurgy 
and  chemical  engineering,  as  dealing  with  the  products 
of  mining;  and  in  the  mechanical  preparation  of  min- 
erals, including  concentration  of  ore,  gold  milling,  gold 
washing,  etc. 

(d)  From  the  above  outline  it  is  evident  that  the 
problem  is  not  what  should  be  included  in  the  mining 
course  but  rather  what  subjects  may  safely  be  omitted 
from  tiie  student's  education  and  the  minimum  amount 
of  time  that  can  be  allotted  to  any  given  subject,  in 
order  to  do  the  work  successfully  in  four  years. 

2.  Scheme  of  Instruction  at  the  School  of  Mines  of 
Columbia  University. 

(a)  Preliminary  Training.  At  Columbia  we  believe 
that  engineering  should  be  placed  on  the  same  basis  as 
law,  medicine  and  theology,  as  one  of  the  learned  pro- 
fessions. Engineers  are  frequently  required  to  take 
part  in  the  direction  of  public  affairs,  as  in  municipal 
and  sanitary  engineering,  river  and  harbor  improve- 
ments, geological,  geodetic  and  other  surveys,  or  they 
may  be  called  upon  to  direct  the  work  of  corporations 
serving  the  public,  railroads,  canals,  water,  gas,  electric 
lighting,  telephone  and  telegraph  lines,  and  again,  they 
are  frequently  called  upon  to  advise  or  serve  mining, 
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metallnrgical  and  other  industrial  enterprises  in  which 
the  interests  of  many  persons  are  concerned.  As  di- 
recting the  work  of  large  bodies  of  employees  they  are 
brought  into  contact  with  questions  affecting  the  wel- 
fare of  society,  and  into  close  touch  with  public  ofScials 
and  others  having  similar  positions  of  authority.  The 
engineer  should  then  be  an  educated  man,  as  well  as  a 
highly  trained  specialist,  in  order  that  he  may  exert 
such  influence  on  others  as  is  demanded  by  his  position 
in  society.  The  education  of  the  engineer,  therefore, 
should  be  of  the  same  grade  as  that  of  other  profes- 
sional men.  At  Columbia  the  law  school  has  recently 
been  made  a  graduate  institution,  that  is,  a  baccalau- 
reate degree  is  required  for  entrance.  It  is  hoped  that 
the  same  step  may  be  taken  in  regard  to  the  medical 
school  in  the  near  future.  For  the  present  it  seems 
impracticable  to  require  a  first  degree  for  entrance  to 
the  engineering  schools,  including  among  others  the 
school  of  mines,  but  it  is  the  settled  policy  of  the  univer- 
sity to  take  this  step  as  soon  as  conditions  will  permit. 
For  the  present,  the  entrance  requirements  are  based 
upon  the  completion  of  a  high  school  course,  not  upon 
the  course  in  the  average  high  school,  but  rather  upon 
the  most  advanced  course  of  this  character.  In  many 
parts  of  the  country  from  which  we  draw  students  the 
high  school  cannot  satisfy  our  requirements  for  admis- 
sion, and  we  obtain  our  supply  of  students  from  the  col- 
leges, so  that  at  present  nearly  forty  per  cent,  of  our 
students  have  had  some  previous  collegiate  or  profes- 
sional training  before  entering,  and  about  sixteen  per 
cent,  have  taken  a  baccalaureate  degree. 

(6)    Combined  Collegiate  cmd  Professional  Course. 
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As  a  step  in  the  direction  of  placing  the  engineering 
schools  npon  a  graduate  basis,  a  combined  six-year 
course  went  into  effect  in  1897.  This  course  provides 
that  the  required  studies  of  the  collegiate  course  shall 
be  completed  in  the  first  two  years  and  permits  the 
students  to  elect  for  their  junior  and  senior  years  sub- 
jects taken  from  the  curriculum  of  the  first  and  second 
year  of  the  school  of  mines  and  other  professional 
schools.  The  work  of  the  first  and  second  year  in  the 
school  of  mines  is  largely  of  a  collegiate  character, 
mathematics,  physics,  mechanics,  chemistry,  miner- 
alogy, geology  and  the  like;  four  years  of  the  six  are 
thus  spent  in  work  of  a  collegiate  character,  at  the  end 
of  which  the  student  takes  the  B.S.  degree,  and  the  pro- 
fessional subjects  proper  are  concentrated  for  the  most 
part  in  the  last  two  years  after  the  candidate  has  re- 
ceived his  first  degree. 

This  combined  course  is  taken  by  a  few  men  each 
year  and  is  very  strongly  urged  on  all  candidates. 
Sooner  or  later  this  six-year  course  will  probably  be 
made  obligatory  as  the  first  step  toward  placing  engi- 
neering instruction  upon  a  graduate  basis.  What 
further  steps  will  be  taken  in  the  same  direction  will 
be  largely  determined  by  the  success  of  this  experiment. 

(c)  Courses  of  Instruction  in  the  School  of  Mines. 
The  course  of  instruction  in  the  school  of  mines  and  in 
other  engineering  schools  at  Columbia  is  peculiar  in 
that  no  provision  is  made  in  our  regular  course  for 
instruction  in  language,  literature,  history,  economics 
or  other  studies  of  a  general  character,  and  the  whole 
time  of  the  student  is  devoted  to  professional  studies 
and  the  necessary  scientific  foundation  therefor.    This 
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is  justified,  first,  by  our  high  requirements  for  admis- 
sion ;  second,  by  the  policy  of  instruction  to  place  engi- 
neering as  soon  as  may  be  upon  a  graduate  basis,  and 
third,  by  the  necessity  for  securing  as  much  time  as  pos- 
sible for  professional  training.  Again,  great  promi- 
nence is  given  to  instruction  in  the  summer  courses. 
The  student  of  mining  engineering  is  required  to  spend 
in  all  twenty-four  weeks  in  the  three  vacations  in  field 
work  in  surveying,  geology,  mining  and  metallurgy, 
thus  practically  increasing  the  length  of  the  school  year 
by  six  weeks  or  more.  The  time  gained  by  the  high 
requirements  for  admission,  by  the  omission  of  col- 
legiate studies,  and  by  the  increase  in  length  of  the 
school  year,  and  by  six  days '  work  in  the  week,  makes 
it  possible  to  obtain  in  four  years  the  time  required  for 
tiie  education  of  mining  students  and  to  include  many 
subjects  that  would  otherwise  have  to  be  omitted. 
Without  going  into  the  details  of  the  course  of  instruc- 
tion, I  may  state  briefly  the  fundamental  principles 
which  have  guided  us  in  its  development.  First,  we 
believe  that  the  training  in  mathematics  and  in  science 
shall  be  made  complete  and  thorough,  sacrificing  if  nec- 
essary professional  studies  in  order  to  bring  this  about. 
Second,  that  upon  this  foundation  the  training  of  the 
mining  student  in  engineering  shall  be  as  complete  as 
time  will  permit,  including  in  this  such  subjects  in 
civil,  mechanical  and  electrical  engineering  as  will  at 
least  give  him  a  good  foundation  for  professional  work. 
The  time  left  is  devoted  mainly  to  mining  with  such 
advanced  studies  in  geology  and  as  complete  a  course 
in  metallurgy  as  can  be  included.  We  offer  three  alter- 
natives to  students  in  the  school  of  miaes ;  first,  the  min- 
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ing  course  proper,  in  which  emphasis  is  placed  on  engi- 
neering subjects;  second,  the  geological  alternative,  in 
which  some  of  the  mechanical  engineering  courses  are 
replaced  by  advanced  work  in  geology,  paleontology  and 
petrology;  and  third,  the  course  in  metallurgy,  which 
omits  some  of  the  engineering,  mining  and  geological 
courses  and  contains  an  increased  proportion  of  chem- 
ical  and  metallurgical  work. 

In  addition  to  this,  under  a  general  by-law,  any  stu- 
dent desiring  to  substitute  for  one  or  more  required 
studies  in  either  of  these  courses,  subjects  which  will  be 
of  greater  value  to  him,  can  do  so,  provided  such  sub- 
stitutions have  the  approval  of  the  authorities.  Sub- 
stitutions of  this  character  are  not  infrequently  made 
and  give  to  our  students  all  the  advantages  of  the  elec- 
tive system  where  good  reason  can  be  shown  for  depar- 
ture from  the  regularly  organized  scheme  of  instruction. 

An  estimate  of  the  distribution  of  time  in  the  mining 
course,  following  the  classification  of  subjects  adopted 
by  your  committee,  is  appended. 

In  arriving  at  the  number  of  hours  for  each  subject 
I  have  added  to  the  time  spent  in  class-room,  laboratory 
and  field  work  the  actual  time  required  for  outside 
preparation  in  the  case  of  each  subject.  This  estimate 
is  based  upop  inquiries  made  by  a  committee  of  our 
faculty  some  years  ago  and  represents  very  closely  the 
time  really  spent  by  the  average  student  for  prepara- 
tion in  each  case.  At  Columbia  University  the  academic 
year  is  thirty-seven  weeks;  deducting  vacations,  holi- 
days, mid-year  and  final  examinations,  and  the  interval 
before  commencement,  leaves  net  twenty-eight  weeks 
actually  spent  in  class-room  and  laboratory  work.    At 
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Colmnbia  the  academic  courses  are  given  six  days  in 
the  week,  three  honrs  in  the  morning,  from  nine  till 
twelve  for  lectures  and  recitations,  and  three  hours  in 
the  afternoon  for  laboratory  work,  making  a  total  of 
thirty-six  possible  hours  of  attendance.  In  practice, 
however,  this  full  amount  is  not  exacted  of  any  indi- 
vidual student.  As  a  result  of  the  investigations  of 
the  committee,  the  time  spent  by  mining  students  in 
preparation  averages  fifteen  hours  per  week,  varying 
in  the  different  years  from  a  minimum  of  fourteen 
hours  to  a  maximum  of  sixteen  hours.  The  total  time 
required  of  each  student  in  the  mining  course,  including 
preparation  hours,  ranges  from  forty-two  to  forty- 
eight  hours,  with  an  average  of  about  forty-six  hours 
per  week.  On  the  basis  of  four  years  of  twenty-eight 
weeks  and  forty-six  hours  per  week,  the  total  time  is 
5,152  hours,  to  which  should  be  added  twenty-four 
weeks  of  summer  work,  at,  say,  fifty  hours,  or  1,200 
hours  for  the  three  vacations,  making  a  total  of  6,352 
hours*  as  the  time  required  of  the  average  student 
This  is  distributed  as  follows : 

Mathematics 660 

Physics,  mechanics  and  thermodynamics 604 

Chemistry 969 

Mineralogy 287 

Geology 379 

Drawing 469 

Materials  of  engineering 360 

Statical  structures 126 

Survey,  plane,  geodetic 687 

Railroad  engineering 277 

Hydraulic  engineering 77 

Mechanical  engineering,  including  power  and  machines. . .  326 

Electrical  engineering  168 

*The  actual  time  is  6,392  hounh-or  an  average  of  46V&  hours  per 
week. 
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Chemical  engineering 112 

Mining  engineering 766 

Ore  dressing 112 

Metallurgy 233 

Sundries  

Shop  work  

ToUl  6,392 

Comparing  this  in  detail  with  the  distribution  of  time 
suggested  by  your  committee  I  find  that  no  time  is  given 
to  language,  which  at  Columbia  is  required  for  admis- 
sion. The  time  given  to  mathematics  is  about  one 
third  that  suggested  by  your  committee ;  for  the  same 
reason,  a  large  proportion  of  the  preliminary  mathe- 
matics being  required  for  entrance.  The  time  given  to 
chemistry  is  nearly  double  that  suggested  by  the  com- 
mittee, and  perhaps  some  saving  is  here  practicable. 
Time  given  to  mineralogy  and  geology  is  about  thirty- 
three  per  cent,  larger  than  that  suggested.  The  time 
given  to  surveying  is  over  seventy  per  cent,  more  than 
the  committee's  allowance.  Both  theoretical  instruc- 
tion and  field  practice  in  railroad  engineering  is  by  us 
considered  essential  for  mining  engineers*  and  about 
the  same  time  is  allotted  to  it  as  proposed  by  your  com- 
mittee for  civil  engineers.  The  allowance  of  time  for 
hydraulic  engineering,  mechanical  engineering,  elec- 
trical engineering  and  chemical  engineering  agree 
closely  with  the  suggestions  of  your  committee.  The 
same  is  true  of  the  time  given  to  mining  engineering, 
ore  dressing  and  metallurgy,  which  in  the  aggregate  is 
not  far  from  the  time  allotted  by  your  committee's 
report. 

*  Mining  engineers  are  frequently  called  upon  to  locate  and  construct 
wagon  roads  and  short  lines  oi  railroad  for  mining  purposes.  They  hare 
also  to  locate  lines  for  pipes  and  ditches  involving  similar  problems 
in  field  and  office. 


222 


BBQT7IBEMENT8  VOB  QBADUATION. 


With  the  exception  of  the  above  noted  it  will  be  seen 
that  the  distribution  of  time  suggested  by  your  com- 
mittee corresponds  fairly  well  with  that  adopted  at 
Columbia. 

Pbofessob  F.  W.  Spebb  :  I  should  like  to  submit  this 
revised  schedule  for  mining  engineering  courses  cov- 
ering 7,200  hours  as  prescribed  in  the  report  of  the 
committee. 


Revised  Schedule  fob  Mining  Engineebing. 

PBB8BNTCD   BT   PBOTEBSOB   F.   W.   SfSBB. 


8UBJICT. 


Langwige, 
English.       Reading,     speaking,     and 

writing    

Spanish.     Speaking  

Pure  Mathematica. 

Higher  algebra  

Solid  geometry.     Preparatory 

Plane  trigonometry   

Spherical  trigonometry  

Analytical  geometry,  plane  

Analytical  geometry,  solid 

Differential  calculus    

Integral  calculus   

Theory  of  probabilities  and  least 
squares    

Theoretioal  Meohanica, 

Statics 

Dynamics.  (Including  projectiles  and 
orbits.)    

Physice, 

Mechanics    

Hydromechanics    

Light.  Phenomena  and  general  prin- 
ciples  

Heat.     ( Including  thermodynamics. ) . . 

Electricity.  (Including  electrody- 
namics. )    


270 

aoo 

100 

140 
60 


125 
126 

110 
100 

150 
150 


For  Degree  of  Engineer 
of  Minea 


a 


270 
270 

200 

100 
100 
140 
00 
130 
170 

100 

125 
125 

110 
100 

40 
150 

150 


SpecUlisiJig  In 


270 
270 

200 

100 

140 

00 

130 

170 


125 
125 

110 
100 

40 
160 

150 


I 


270 
270 

200 
100 
140 

eo 


125 

125 

110 
100 

80 
160 


270 


200 

100 
100 
140 
60 
ISO 
170 


125 
125 

110 
100 

260 
260 
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Inorg&uic  cltemiBtry 

Blowpipe  sDslysfs.   . 

Qoalitative  uialjwiB 

QoantitatiTB  analf  lii 

Volometric    analyaiH 

Asaaying.     Gold,  silTer,  copper,  lead, 

tin,  ihie,  iron    

Minamlogy. 

CryHtaJlograph; 

Petrc^raphf 

Complete  courae    

Non-microecopic 

DeBcriptive  miaerKlogy    

Determinative  minerklog;    

Otology. 

General   

AdTaneed  technics — 

Eoonoinical  

Field  work  

Botany. 

DeicriptiTe    and    det«nninatiTe   with 

laboratory   work    

Draioinff. 


Free-hand  drawlns 

Topographie  drawing 

Uattrialt   of  Engmtermg. 
Uathematics  or  mechanics  of 
Physical  propertiea  of  and  praeervation 


BtatietU  Btrueturtt. 
Straooca  in  framed  itmctDrea   , 
Streesee  In  walla  and  dama   . . , 


Tot  Decree  of  Enylneci 
of  HinM. 

BpaclellilDg  In 
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Revisio  Bohedulb  roB  Mxhiko  EtrainnBiRO  {Continued). 


Surveying,  Plane. 

Land  ■urT«Tt,  with  practice 

Leveling  with  practice 

Topographic  ftad  h^drograpble  BurvaTi 
with  practice   

Mine  Hurreys  with   practice    

Railroad  aurveja  with  practice    

Heaturements  of  earthwork    

Aatronomj.      DeterminatioD  of   latitude, 
loDfitude  and  time 

Baseline  measurementB  with  practice. 

Triaugulation  with  practice 

Adjustment  of  obeervations  with  prac- 
tice  

Map  projection  with  practice 

Bj/drauUo  engineerinff. 

Power    

Meohanical   engineering. 

DetemiiQation   of   Htreaaee   in   moving 

Prmciplee  of  deeign  of  machine  partt. 

Theory  of  and  Bpeciflcations  for  water 
motors  and  govemorn   

Details  of  deeign  of  water  motors 

Theory  of  and  specifications  for  heat 
and  gas  engines 

Details  of  design  of  same 

Theory  of  and  specifications  for  iiteam 
engines  or  motors   

Details  of  deeign  of  steam  engines 

Theory  of  and  speciBcations  for  elec- 
tric generators  and  motors   

Details  of  design  of  generators  and 
motors  

General  design  for  a  plant  under  each 
head  

Detail  design  for  a  plant  under  each 

bead  

Steam    engine    indicator    and    efficiency 
determinations  of  fuel,  boilers, 
engines    

Theory  and  use  of  dynamometers 

Mechanical  laboratoiy  practice   ,  ■ 


For  Uecree  of  Eatlneet 


apeolalliinK  Id 


:S 
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Revised  Schedule  fob  Minino  ENoiKEEamo  {Continued), 


Subject. 


Bleetrioal  Engineering. 

Telephone   

Ughiiiig  plants 

Electric  nanlage 

EleetrcHshemiBtry    

Ohemioal  Engineering, 
Metallurgy 

Mining  Engineering, 

Occurrence  of  ores 

Methods  of  mining  with  field  work 

Mining  machinery   

Ore  reduction  and  dressing 

Design  of  surface  plants 

Mine  operation,  management,  etc. . 
Mining  jurisprudence   

Shop  Work, 

Carpenter  

Blacksmith 

Machine 

Foundry    

Total  prescribed  for  B.S.  degree 

Electives  for  B.S.  degree  

Totals  for  B.S.  degree 

Totals  for  E3i.  degree   


eo 
lao 

80 


160 


2306 
8,296 


6,100 


For  Degree  of  Engineer 
of  Minei. 


&' 


20 
30 
60 


eo 

240 
80 
160 
200 
320 
160 


70 
70 
70 
60 


7,200 


SpeolaUslng  In 


I 

1 


20 

30 

60 

100 

660 


60 
120 

80 
380 
276 
160 


70 
70 
70 
60 


7,200 


I 


186 


60 

240 

80 


160 
160 


7,200 


20 
80 
60 


60 
240 
816 


820 


120 

180 

180 

60 


7,200 


Wm.  Kent  (by  letter) :  The  report  of  the  committee 
shows  a  highly  satisfactory  agreement  in  opinion  among 
engineering  teachers  and  practitioners  as  to  the  un- 
wisdom of  specialization  by  the  nndergraduate.  It 
also  shows  a  general  agreement  as  to  the  several  sub- 
jects that  should  be  taught  in  an  engineering  course. 
The  text  of  the  report  in  general  has  my  hearty  ap- 
proval.   I  append  here  a  few  notes  in  the  way  of  sug- 
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gestions  that  have  occurred  to  me  in  reading  some  of 
the  paragraphs  of  the  report. 

Page  101— Value  of  Spanish.  Can  any  time  be  af- 
forded in  the  four  years  of  an  engineering  course  for 
this  subject  when  the  course  is  already  overcrowded 
with  subjects  that  are  more  essential  to  nine  out  of 
every  ten  engineers  t 

Page  102— ''A  Beading  Knowledge  of  both  French 
and  German,  or  of  one  of  these  only.'*  Two  years  of 
one  of  these  languages  should  be  given  in  the  high 
school  and  required  for  entrance,  as  a  culture  study. 
It  is  continually  becoming  more  difScult  to  find  time  for 
them  in  an  engineering  course. 

Page  102— Chemistry,  Qualitative  Analysis.  The 
time  usually  given  to  qualitative  analysis  should  be 
greatly  shortened  and  quanitative  analyses  of  ores, 
fuels,  metals,  cement,  furnace  gases,  etc.,  be  substituted. 

Page  103— **  Shop  Work  is  considered  advisable  in  all 
but  Civil  Engineering  Students  and  for  these  it  is  in 
favor  with  a  strong  minority. ' '  Elementary  shop  work 
properly  taught  in  an  engineering  college  is  largely  a 
*  *  culture ' '  study.  It  tends  to  develop  the  mind  through 
the  hand  and  eye.  It  teaches  the  importance  of  accu- 
racy and  cultivates  the  habit  of  close  attention.  It  should 
be  given  in  the  freshman  year  to  all  engineering  stu- 
dents, and  until  this  year  is  finished  they  should  not  be 
divided  into  civil,  mechanical  or  other  kinds  of  engineers. 

Page  103— Electrical  Engineering.  "A  General  De- 
scriptive Course.**  A  descriptive  course  in  electrical 
engineering  is  of  doubtful  value.  What  is  needed  is 
such  a  course  as  will  utilize  a  student's  knowledge  of 
mathematics,  mechanics  and  physics,  and  compel  him 
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to  do  hard  thinking— to  work  out  theoretical  and  prac- 
tical problems— involving  at  least  two  hours  of  study 
for  each  recitation  period. 

Page  104— Surveying.  Some  surveying,  theory  and 
practice  should  be  given  to  mechanical  and  electrical 
as  well  as  to  civil  and  mining  engineering  students. 

Page  115— '^Mechanical  Engineers  should  be  familiar 
with  train,  grade  and  curve  resistance."  Electrical 
engineers  should  be  equally  familiar  with  them. 

Page  118—^^1  apprehend  that  the  modem  course  goes 
too  much  into  detail."  There  is  no  danger  in  going 
into  detail  in  the  proper  way  as  principles  are  best  fixed 
by  study  of  detail.  There  is  a  tendency  in  many  stu- 
dents to  skim  over  the  surface  of  a  subject  and  get  a 
vague  knowledge  of  its  principles.  The  antidote  for 
this  tendency  is  to  make  the  student  work  out  the  details 
whenever  possible  by  rigid  calculation  and  by  use  of  the 
drawing  board. 

Page  120— ''Architecture  is  essentially  a  Fine  Art 
and  stands  by  itself."  Architecture  is  two  things:  (1) 
Construction  (engineering).  (2)  Fine  art.  No  one 
man  unless  he  is  a  genius  can  be  both  an  architectural 
engineer  and  an  artist  architect.  The  attempt  to  make 
both  kinds  of  architects  out  of  one  man  has  failed.  The 
result  is  either  a  poor  engineer  or  a  poor  artist  or  both. 
The  architectural  profession  should  be  subdivided  the 
same  as  the  engineering  profession  is.  We  should  no 
more  attempt  to  turn  out  in  four  years  a  man  educated 
as  both  a  constructive  and  artist  architect  than  we 
should  attempt  to  make  of  the  same  man  a  civil  and  an 
electrical  or  chemical  engineer. 

Page  121— Table  of  Distribution  of  Time.  This  table 
may  be  subdivided  as  follows : 
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Pr9paratory — Oeneral. 

Language,  mathematics,  mechanics, 
physics,  chemistiy,  drawing,  political 
economy,  etc.  Shop  work  materials 
of  engineering    

Chiefly  OivU  Engineering, 

Astronomy,  mineralogy,  geology,  botany, 
bacteriology,  statical  structures,  sur- 
veying, railroad,  highway  and  hy- 
draulic engineering,  architecture  .... 

Chiefly  Meehanioal  Engineering, 
Machines,  power,  mechanical  engineering. , 

Eleetrioal  Engineering   

Mining  Engineering 

Total  advanced  subjects 


CS. 


4,160 


2,400 

600 

100 

60 


7.200 
3.060 


M.B. 


4,626 


260 

2,126 

260 

60 


7,200 
2,676 


R.  B. 


4,460 


260 

1,376 

1,000 

126 


7.200 
2,760 


M.S. 


4,100 


1,200 

676 

160 

1.716 

7.200 
3.100 


An  important  deduction  from  this  table  of  the  com- 
mittee seems  to  be  that  since  more  than  four  sevenths 
of  the  whole  time  in  each  of  the  four  courses  is  prepara- 
tory and  general  work,  it  is  well  as  far  as  possible  to 
have  this  work  done  in  the  first  two  years  of  the  course 
and  to  give  it  to  all  students  alike^  so  that  they  do  not 
specialize  as  civil,  mechanical^  electrical  and  mining 
engineers  until  the  end  of  the  two  years.  In  the  fresh- 
man year  at  least  all  the  courses  might  easily  be  made 
the  same,  and  in  the  sophomore  year  the  civil  and  min- 
ing engineers  could  be  classed  together  in  one  group, 
and  the  mechanical  and  electrical  engineers  in  another, 
leaving  the  final  separation  into  four  divisions  to  the 
beginning  of  the  junior  year. 

Another  deduction  from  this  table  is  that  there  seems 
to  be  a  larger  fraction  of  the  time  devoted  to  the  pre- 
paratory subjects  than  need  be.  Can  not  the  time  given 
to  language,  mathematics  and  physics  be  cut  down^ 
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leaving  more  time  for  fhe  strictly  professional  subjects  f 
This  suggestion  may  seem  to  be  opposed  to  the  com- 
monly expressed  ideas  of  ''more  fundamentals,  more 
rudiments,  more  principles— less  specialization,"  but 
does  not  the  professional  study  of  such  subjects  as  ma- 
chine design,  bridges,  hydraulics,  etc.,  give  training  in 
the  fundamentals  t  It  is  a  common  complaint  that  ju- 
nior and  senior  students  and  even  graduates  are  often 
sadly  deficient  in  the  two  fundamentals  of  English  and 
arithmetic.     Will  not  a  more  intense  study  of  the 

C0VBSB8  OF  Studt,  Golixok  of  Applied  Science,  Syracuse  Univeesitt 

Preparatory  and  General  SuhfeciB. 

B.E. 


English 

MathematicB    

Chemistry  and  physics  

Drawing 

Descriptive  geometry 

Mechanics  and  resistance  of  materials 

Testing  laboratory 

Metallurgy 

Shop  organization  and  contracts 

Shop  work 

ToUl    

Chiefly  Civil  Engineering, 

Surveying    

Hydraulics    

Stereotomy 

Astronomy 

Geology    

Mineralogy 

Geodesy    

Railroads  and  roads  

Bridges    

Masonry 

Railroad  economics  

Structural  design  and  thesis 

Total    


C.K. 

M.B. 

288 

288 

768 

672 

736 

736 

128 

102 

192 

192 

384 

384 

32 

32 

48 

48 

16 

16 

128 
2,720 

676 

3.136 

288 

672 

736 

192 

192 

384 

32 

48 

16 

432 

2,992 


ce. 

M.E. 

864 

96 

660 

144 

128 

192 

240 

144 

192 

288 

432 

288 

48 

676 

3,952 

240 

E  E. 

96 
144 


240 


230 


BEQUIBEBCEKTS  FOB  OBADUATION. 


Chiefly  Meohanioal  Engineering, 


Kinematics    

Machine  elements 

Elementary  design 

Mechanical  laboratory   

Shop  machinery 

Constructive  desi^ 

Steam  and  Dumping  machinery 

Motive  machinery  design 

Pneumatic  hydraulic  and  refrigerating  machinery. 

Steam  boilers  

Elementary  steam  engine 

Thermodynamics    

Power  plants 

Power  plant  design 

Heating  and  ventilation 

Thesis 

Total    


cs. 

M.E. 

288 

144 

M 

352 

144 

* 

144 

144 

144 

06 

144 

144 

288 

144 

144 

144 

96 

192 

144 

2,704 

8.S. 

288 

144 

96 

64 


144 
288 

144 
144 


1,312 


Chiefly  ElectrioaX  Engineering, 


Current  generation 

Dynamo  design 

Alternator  and  transformer  design 

Conductors  and  lamps 

Light  and  power  systems 

Electric  railroads    

Electric  laboratory  

Alternating  current  theory    

Electric  measurements 

Electric  studies   

Thesis 

Total    


C.  B. 

M.S. 

288 
96 

384 

E.  S. 

288 

96 

96 

96 

96 

96 

160 

288 

320 

192 

192 

1.920 


Bummary, 


Preparatory 

Civil  engineering 

Mechanical  engineering 
Electrical  engineering 

Total    


C.K. 

M.B. 

2,720 

3,962 

144 

3,136 
240 

2,704 
384 

6316 

6,464 

E.  E. 

2,992 

240 

1,312 

1,920 

6,464 
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strictly  professional  subjects  of  the  junior  and  senior 
years  with  detailed  calculations  and  written  reports 
critcised  by  the  professor  of  English  give  desirable 
training  in  these  two  fundamentals  T 

For  comparison  with  the  table  of  the  committee  I  ap- 
pend hereto  a  table  of  the  courses  given  in  the  L.  C. 
Smith  College  of  Applied  Science,  Syracuse  Univer- 
sity. The  hours  are  made  up  by  assuming  that  each 
hour  of  recitation  requires  two  study  hours  and  that 
the  actual  hours  of  laboratory  and  shop  and  drawing- 
room  are  those  of  the  schedule,  allowing  nothing  for 
time  to  prepare  note-books.  Each  semester  is  taken  as 
sixteen  weeks  of  actual  study  and  recitation  after  de- 
ductions are  made  for  holiday  and  semestral  examina- 
tions. The  titles  of  the  courses  are  those  given  in  the 
annual  bulletin,  April,  1905. 

The  total  number  of  hours  for  civil  engineers  appears 
to  be  greater  than  for  mechanical  and  electrical  engi- 
neers, but  the  time  spent  by  the  latter  in  visits,  reports 
and  thesis,  in  addition  to  the  scheduled  time,  will  make 
the  actual  hours  about  equal  in  the  three  branches. 

An  inspection  of  this  table  in  comparison  with  the 
committee's  table  will  show  that  in  Syracuse  less  than 
one  half  of  the  time  is  devoted  to  preparatory  and  gen- 
eral subjects  instead  of  more  than  four  sevenths. 

The  table  indicates  that  mechanical  engineers  get  a 
rather  small  amount  of  electrical  engineering,  but  this 
is  more  apparent  than  real  for  the  mechanical  engineers 
get  a  great  deal  of  electricity  in  the  physics  of  the  soph- 
omore year,  in  the  study  of  power  plants,  and  in  the 
shop  and  mechanical  laboratory. 
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This  Syracuse  schedule  has  now  been  in  use  for  three 
years  with  only  trifling  modifications.  It  is  working 
very  well,  and  there  is  no  desire  on  the  part  of  the  fac- 
ulty to  make  any  important  changes  in  it. 


THE   TESTING   ENGINEER* 

BY   CHARLES   B.   DUDLEY, 
President  American  Society  for  Testing  Materials. 

The  gradual  widening  of  the  scope  of  the  word  *  *  engi- 
neer'* is  very  interesting.  Used  apparently  as  long 
ago  as  the  time  of  William  the  Conqueror,  to  designate 
men  who  had  the  ability  to  design  and  construct  works 
of  value,  such  as  castles,  or  fortifications,  or  bridges, 
especially  in  connection  with  military  affairs,  it  soon 
took  on  a  wider  meaning,  and  was  properly  applied  to 
men  having  ability  to  design  and  construct  works  of 
practical  utility  in  times  of  peace.  The  military  men 
having  simply  been  called  "  engineers, ' '  it  became  de- 
sirable to  designate  those  who  were  doing  similar  work 
during  peace  times,  in  some  way  to  distinguish  them 
and  accordingly  in  contradistinction  from  the  military 
engineers,  they  were  called  '* civil  engineers,"  a  des- 
ignation which  remains  up  to  the  present,  and  charac- 
terizes some  of  the  ablest  men  of  the  time.  It  would 
hardly  be  possible,  or  perhaps  worth  our  while,  to 
attempt  to  follow  up  historically  the  successive  devel- 
opments of  this  word  ** engineer."  Suffice  it  to  say 
that  as  time  progressed,  those  who  were  able  to  design 
and  construct  something  of  value  in  the  realm  of  me- 
chanics, or  other  fields  of  human  effort,  were  called 
^'mechanical  engineers,"  ** mining  engineers,"  '* naval 
engineers, "  * '  electrical  engineers, '  *  or,  indeed, '  *  chem- 

*  Presidential  address  read  at  the  joint  meeting  of  the  American 
Society  for  Testing  Materials  and  this  Society. 
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ical  engineers."  It  is  worth  while  to  notice  also,  that 
as  time  has  progressed,  the  meaning  of  the  word,  as 
well  as  its  application,  has  broadened.  Primarily  ap- 
plied apparently  to  one  who  had  genius  bom  in  him, 
and  therefore  who  had  within  himself  the  power  to 
originate  and  to  execute ;  in  course  of  time,  we  find  the 
term  applied  to  those  also  who  simply  direct,  or  carry 
to  successful  conclusion  something  they  may  have  taken 
in  hand.  Indeed  at  the  present  time,  the  one  who  con- 
trols the  machinery  of  a  ship,  as  well  as  the  one  who 
handles  the  throttle  of  a  locomotive,  is  called  an  ^  ^  engi- 
neer. ' '  And,  finally,  it  is  apparently  no  abuse  of  words 
to  say  of  a  man  who  has  guided  any  scheme  in  which 
he  was  interested,  with  ingenuity  and  tact,  or  overcome 
obstacles  by  contrivances  and  effort,  that  he  has  suc- 
cessfully engineered  his  project  through.  In  view  of 
these  thoughts,  we  are  perhaps  justified  in  regarding 
the  man  engaged  in  testing  as  an  engineer  and  not  only 
in  choosing  **The  Testing  Engineer"  for  our  title,  but 
also  in  discussing  in  some  of  his  relations,  that  man 
who,  if  we  read  the  signs  of  the  times  rightly,  is  becom- 
ing every  day  more  and  more  prominent  in  the  indus- 
trial world,  and,  as  time  progresses,  is  destined  to  play 
continually,  a  more  and  more  important  part  in  the  de- 
velopment of  our  civilization. 

The  field  which  the  testing  engineer  occupies,  and 
the  cause  to  which  his  loyalty  is  due,  may  perhaps 
wisely  claim  a  few  moments  attention.  It  is  plain  that 
the  testing  engineer  acts  in  a  three-f old  capacity.  He 
is  either  an  investigator,  or  a  counsellor,  or  a  judge. 
He  is  finding  out  new  truths,  he  is  protecting  the  inter- 
ests of  his  client  the  producer,  or  he  is  determining  by 
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his  tests  that  contracts  are  being  f  ulfilled,  or  specifica- 
tions lived  up  to,  in  the  interests  of  his  client  the  con- 
sumer. While  all  three  forms  of  the  testing  engineer 
may  be  and  often  are  engaged  in  research,  in  investi- 
gating a  knotty  problem,  or  devising  the  means  of  dem- 
onstrating a  point,  it  is  perhaps  more  commonly  the 
work  of  what  may  be  called  the  ^'unattached  testing 
engineer"  to  make  investigations.  The  professors  in 
colleges,  especially  those  having  a  genius  for  experi- 
ment, and  indeed  independent  investigators,  who,  as 
the  result  of  business  shrewdness  or  by  good  fortune, 
are  so  situated  that  they  are  not  compelled  to  struggle 
for  an  existence,  are  continually  adding  to  the  sum  of 
human  knowledge  by  their  tests  and  experiments  while 
laboring  in  this  field.  They  have  no  clients  to  satisfy, 
no  employer's  interest  to  defend,  and  no  antagonisms 
to  overcome,  except  perchance  the  unwillingness  of 
nature  to  yield  up  her  secrets.  Their  loyalty  is  to  the 
truth  alone;  their  stimulus,  their  zeal  for  knowledge, 
and  their  reward,  the  approbation  of  their  fellows. 
These  seem  to  be  almost  ideal  conditions  for  securing 
the  truth,  and  it  would  seem  as  though  results  obtained 
by  such  experimenters,  or  testing  engineers,  and  under 
such  conditions,  ought  to  be  accepted  and  acted  on  with- 
out question.  But  we  venture  to  suggest  that  there  is 
one  desirable,  not  to  say  essential  element,  in  the  search 
for  truth,  that  is  lacking  in  the  conditions  outlined 
above.  This  is  the  element  of  human  antagonism* 
Perhaps  an  example  will  best  make  the  point  clear. 
The  subject  for  investigation  we  will  say  is  a  method 
for  determining  phosphorus  in  steel.  The  professor  or 
independent  investigator  makes  his  studies  and  experi- 
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mentSy  and  pabliahes  his  results.  Daring  the  whole 
investigation  he  has  been  actuated  by  no  desires,  except 
to  get  at  the  trntlu  There  has  been  no  temptation,  ex* 
cept  perhaps  the  desire  to  finish  the  investigation,  to 
stimnlate  him  to  ne^ect  any  essential  point,  to  give 
any  resnlts  or  draw  any  condnsions  tiiat  the  most  rigid 
interpretation  of  the  facts  wonld  not  warrant,  and 
hence  so  far  as  accuracy  is  concerned,  it  wonld  appear 
as  thon^  no  questions  should  be  raised.  And  yet»  so 
great  is  our  belief  in  the  value  of  human  antagonism, 
^ere  the  truth  is  involved,  that  we  cannot  help  saying 
that  we  would  prefer  a  method  which  resulted  from  the 
contentions  of  two  chemists,  the  one  of  whom  was  the 
employee  of  a  consumer  and  who  was  trying  to  make 
out  that  the  sample  on  which  Ihey  were  both  working 
contained  more  phosphorus  than  the  specifications  al- 
lowed; and  the  other  of  whom  was  the  employee  of 
the  producer,  and  who  was  trying  to  show  that  the  phos- 
phorus in  the  sample  was  below  the  requirements  of 
the  specifications,  there  being  a  large  commercial  trans- 
action involved  in  the  result.  We  cannot  help  feeling 
that  every  point  in  the  method  would  receive  much  more 
severe  criticism,  and  consequently  if  it  survived  would 
be  much  more  worthy  of  confidence  under  these  con- 
ditions, than  if  it  was  brought  out  by  a  single  experi- 
menter making  investigations  for  the  sake  of  publish- 
ing them.  So  greatly  does  the  legal  fraternity  rely 
on  the  element  of  human  antagonism  as  an  essential 
feature  in  the  development  of  truth,  that  we  are  entirely 
safe  in  saying  that  the  whole  structure  of  legal  pro- 
cedure is  based  on  this  foundation.  It  may  not  be 
amiss  here  also  to  quote  from  one  of  our  instructors  in 
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ehemistry,  who  had  reached  the  philosophic  age,  and 
who  in  a  very  dry  way  used  to  say  that  during  his 
active  work  he  had  tested  many  published  methods  in 
analytical  chemistry,  which,  for  some  reason,  not  neces- 
sary to  explain,  always  apparently  gave  better  results 
in  the  hands  of  those  who  devised  them  than  he  was 
ever  able  to  get  from  them.  We  fancy  it  hardly  needs 
saying  that  in  this  matter  there  is  no  intention  of  ques- 
tioning the  integrity  or  reliability  of  investigators  who 
are  studying  the  truth  for  the  truth's  own  sake.  The 
point  we  had  in  mind  was  to  suggest  the  thought  that 
perhaps  those  who  are  accustomed  to  glorify  pure  sci- 
ence may  have  overlooked  one  fairly  important  element 
in  the  development  of  truth. 

Returning  to  the  testing  engineer:  As  already  indi- 
cated, the  field  of  work  of  this  important  element  in  the 
industrial  world  seems  to  be  either  to  find  out  new 
things,  or  to  protect  the  interests  of  the  producer  or 
consumer.  And  there  are  three  kinds  of  testing  engi- 
neers to  occupy  these  two  fields,  viz.,  the  unattached 
engineer,  the  consumer's  engineer  and  the  producer's 
engineer.  At  first,  there  were  apparently  only  two  kinds 
of  testing  engineers,  viz.,  the  unattached  and  the  con- 
sumer's. But  it  did  not  take  long  after  consumers 
began  to  study  and  test  materials  and  prepare  specifi- 
cations, before  the  producers  found  it  necessary  to  pro- 
tect their  interests  and  defend  their  materials  by  means 
of  testing  engineers  in  their  own  employ. 

It  is  perhaps  hardly  necessary  to  say  that  in  this,  our 
analysis  of  the  scope  and  field  of  the  testing  engineer,  we 
have  not  forgotten  the  various  inspection  bureaus  and 
testing  laboratories  which  are  doing  such  excellent  work 
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in  various  parts  of  the  country.  As  we  understand  the 
matter,  these  organizations,  while  perhaps  not  strictly 
covered  by  the  definitions  given,  in  that  they  do  not 
derive  their  continuous  sustenance  in  such  a  way  as 
the  unattached  testing  engineers,  nor  in  the  same  way 
as  those  who  defend  the  interests  of  the  consumer  or 
the  producer,  and  in  that  they  have  an  independent 
organization,  and  owe  loyalty  only  where  it  is  paid  for ; 
yet  in  a  certain  sense  these  independent  organizations 
do  perform  exactly  the  same  functions  as  the  three 
classes  of  testing  engineers  which  we  have  described. 
Any  one  of  them  will  make  investigations  either  in  the 
interests  of  a  client  or  for  the  sake  of  the  truth  alone ; 
any  one  of  them  will  temporarily,  or  continuously,  if 
the  retainer  be  sufBcient,  defend  and  care  for  the  inter- 
ests of  a  consumer,  or  will  render  a  like  service  for  a 
producer,  provided,  of  course,  that  the  interests  of  the 
two  are  not  antagonistic  at  the  same  time.  So  that  we 
cannot  help  feeling  that  the  three  kinds  of  testing  engi- 
neers mentioned,  the  unattached,  the  producer's  and 
the  consumer's,  fairly  well  cover  the  field. 

What  now  shall  be  the  cast  of  mind,  and  what  the 
mental  equipment  of  the  testing  engineer?  Upon  the 
first  of  these  topics,  it  is  difficult  to  say  much  that  is 
positive.  It  is  perhaps  easier  to  say  what  kind  of  mind 
will  not  succeed  in  this  branch  of  engineering,  than  to 
say  what  the  positive  requirements  of  a  successful  test- 
ing engineer  are.  We  will  perhaps  all  agree  that  he 
should  be  independent,  self-reliant,  gifted  with  the 
power  of  analysis  of  facts,  as  well  as  with  the  power  of 
drawing  conclusions  from  the  data  at  hand.  He  should 
be  ingenious  in  devising  methods  to  demonstrate  the 
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points  at  issue,  and  a  careful  observer  of  data.  He 
must  keep  himself  free  from  bias  or  prejudice,  and 
take  especial  pains  that  he  does  not  deceive  himself.  He 
should  be  fond  of  experiment  and  have  a  genius  for  it. 
Many  times  during  our  nearly  thirty  years  attempt  to 
do  something  in  the  line  of  the  work  of  a  testing  engi- 
neer, we  have  had  occasion  to  paraphrase  the  Latin 
apothegm  and  say,  '  ^  experimenters  are  bom,  not  made. ' ' 
He  should  keep  constantly  in  mind  the  end  to  which 
his  experiments  tend,  and  understand  clearly  the  effect 
of  every  step  in  the  progress  of  his  tests,  and  its  in- 
fluence on  the  final  result.  Above  all,  he  should  be  a 
thinker.  No  man  who,  when  a  problem  is  presented  to 
him,  simply  searches  his  memory  for  whatever  he  may 
have  learned  in  the  schools,  or  have  perchance  picked 
up  in  his  reading  which  bears  on  his  problem,  has  any 
especial  call  to  be  a  testing  engineer.  We  are  quite 
ready  to  allow  that  the  power  of  seeing  analogies  be- 
tween your  own  problem,  and  one  that  some  one  else 
has  had,  and  perchance  successfully  solved,  is  a  legiti- 
mate and  useful,  not  to  say  time-saving  habit  of  mind, 
but  the  point  we  want  to  make  is  that  the  one  who 
habitually  and  continuously  approaches  every  problem 
through  memory,  or  by  studying  up  what  others  have 
done,  is  far  less  likely  to  succeed  as  a  testing  engineer, 
than  one  who  habitually  attacks  a  problem  by  an  anal- 
ysis of  its  elements. 

But  it  may  be  urged,  if  experimenters  are  bom,  not 
made,  and  if  so  much  depends  on  cast  and  habit  of 
mind,  what  can  the  schools  do  in  the  way  of  training 
and  furnishing  mental  equipment  to  produce  successful 
testing  engineers  T  We  answer  much,  every  way.  While 
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it  is  probably  not  possible  for  any  school  to  make  a 
thinker  ont  of  a  dreamer,  or  a  successful  experimenter 
out  of  a  nimibskull,  we  still  claim  that,  given  ordinary 
fair  mental  endowment,  it  is  possible  for  the  schools  to 
make  successful  testing  engineers,  or  to  spoil  the  mate- 
rial they  start  with. 

It  hardly  comes  within  the  sphere  of  this  paper,  or 
coincides  with  our  present  purpose,  to  say  anything 
about  the  curriculum  of  studies  best  calculated  to  fit 
a  man  to  be  a  successful  testing  engineer.  This  is 
neither  the  time  nor  the  place  for  such  a  paper,  al- 
though we  may  possibly  say  something  a  little  later 
about  the  self -education  of  the  one  who  expects  to 
spend  his  energies  in  this  field  of  work.  At  this  place 
we  will,  however,  touch  upon  one  or  two  points  in  con- 
nection with  methods  of  teaching.  Our  observation  of 
what  the  world  wants  to-day,  not  only  in  the  field  and 
work  of  testing  engineers,  but  also  in  almost  every  other 
field,  is  men  who  can  think ;  men  with  minds  so  trained 
and  so  fitted  with  mental  equipment,  that  when  unex- 
pectedly and  for  the  first  time  put  in  presence  of  a 
combination  of  circumstances,  where  action  is  neces- 
sary, they  will  know  what  to  do  and  how  to  do  it.  This 
may  look  like  a  very  severe  dictum  to  apply  to  recent 
graduates,  with  their  limited  experience  and  small 
accumulation  of  facts,  and  yet  we  cannot  help  feeling 
that  in  some  degree  this  dictum  may  legitimately  be 
applied  even  to  them,  and  that  if  they  have  been  prop- 
erly trained  by  the  schools  they  will  show  in  some  meas- 
ure a  capacity  for  meeting  unexpected  and  unforeseen 
emergencies.  But  it  may  be  asked,  what  teaching  and 
what  training  leads  to  the  development  of  this  capacity  t 
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We  answer,  that  while  it  is  imdonbtedly  true  that  the 
mental  characteristics  of  the  student  himself  are  a  most 
important  factor,  and  that  it  is  clearly  impossible  to 
make  thinkers  of  every  student  in  the  class,  yet  as  we 
understand  the  matter,  that  teaching  which  brings  out 
and  keeps  prominent  before  the  mind  of  the  student  the 
principles  underlying  the  theme  which  is  under  con- 
sideration, be  the  subject  of  study  whatever  it  may, 
rather  than  that  teaching  which  fills  the  mind  of  the 
student  with  methods,  with  manipulation,  and  witii 
accumulated  information,  embracing  a  taste  of  many 
subjects,  will  have  a  tendency  to  develop  the  kind  of 
mind  we  are  looking  for.  A  somewhat  extensive  ac- 
quaintance with  recent  graduates  from  the  chemical 
schools  for  a  number  of  years  past,  has  led  us  to  fear 
that  methods,  manipulation  and  accumulated  informa- 
tion were  given  undue  prominence,  and  that  principles 
and  reasons  why  were  not  sufficiently  insisted  upon. 
We  are  clearly  of  the  opinion  that  the  schools  truly 
desire  to  furnish  what  is  wanted,  and  that  the  situation 
as  we  seem  to  find  it,  is  due  to  the  effort  on  the  part 
of  the  schools  to  turn  out  their  graduates,  fitted  to  at 
once  begin  to  earn  a  livelihood  or  perchance  to  take 
charge  of  independent  work.  We  are  compelled  to 
say  that,  while  the  motive  seems  praiseworthy,  and  a 
legitimate  yielding  to  the  demands  of  the  times,  we 
cannot  help  feeling  that  many  a  graduate  will,  under 
such  tutelage,  fail  to  reach  the  success  which,  with  a 
different  method,  would  have  been  legitimately  in  his 
grasp. 

Perhaps  an  illustration  will  make  clear  the  difference 
in  methods  of  teaching  which  we  have  in  mind.    Not 
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long  ago  we  separately  asked  three  recent  graduates, 
each  one  from  a  different,  entirely  reputable,  school, 
why  nitric  acid  is  used  to  dissolve  steel,  when  one  is 
going  to  determine  the  phosphorus.  Why  not  use  some 
other  acid  just  as  well  t  Two  of  the  three  replied  that 
they  supposed  that  nitric  acid  was  a  good  solvent  for 
steel,  and  they  knew  of  no  reason  why  any  other  acid 
that  would  dissolve  the  steel  would  not  do  as  well.  The 
third  answered  that  in  order  to  take  the  next  step  in 
the  process,  it  was  essential  that  the  phosphorus  should 
exist  as  ortho-phosphoric  acid,  and  that  nitric  acid 
being  an  oxidizing  agent  would  bring  the  phosphorus 
to  that  condition.  Now  each  of  these  three  recent  grad- 
uates knew  how  to  determine  phosphorus  in  steel,  and 
as  a  matter  of  fact  each  of  them  had  done  it  in  an  en- 
tirely acceptable  manner  and  under  check  for  six 
months  or  more  in  my  own  laboratory.  All  three  of 
them  were  familiar  with  the  method  and  with  the  ma- 
nipulation. But  as  we  look  at  it  only  one  of  them  had 
been  properly  taught.  He  not  only  knew  the  method 
and  the  manipulation,  but  he  also  knew  the  reasons  why, 
and  the  principles  underlying  the  method.  One  of  my 
assistants  put  the  matter  very  forcibly.  He  said :  ^  *  The 
chemist  who  knows  methods  and  manipulation  gets 
along  swimmingly  as  long  as  everything  goes  well,  and 
perhaps  turns  out  more  work  in  a  day  than  a  thinking 
chemist  who  understands  the  reason  why  for  every  step 
in  his  analysis,  but  let  a  difficulty  arise,  and  your 
method  chemist  is  absolutely  lost. '  ^ 

There  is  another  phase  of  this  case  which  is  perhaps 
worthy  of  a  mementos  notice.  Given  two  young  men  of 
equal  ability,  and  let  both  of  them  go  through  good 
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technical  schools,  both  graduating  say  as  chemists,  or 
as  mining,  mechanical,  civil  or  electrical  engineers. 
The  one  during  his  course  of  study  has  covered  much 
ground,  has  stored  his  mind  with  facts,  has  learned 
carefully,  and  well,  the  methods  and  manipulation  re- 
quired in  the  branch  chosen.  The  other  has  not  cov- 
ered so  much  ground,  but  every  bit  of  information  that 
he  has,  he  thoroughly  understands;  he  has  acquired 
principles  rather  than  a  large  array  of  facts,  and  he 
knows  the  reason  why.  Let  now  these  two  begin  work 
after  graduation  in  the  same  place,  and  we  are  ready 
to  confess  that  the  former  will  make  the  best  showing, 
and  progress  the  more  rapidly  for  the  first  year  or  two, 
but  if  our  observation  is  worth  anything,  the  latter  will 
distance  his  competitor  at  the  end  of  ten  years. 

But  we  are  perhaps  spending  too  much  time  over  this 
point.  The  mental  equipment  which  the  schools  furnish 
is  only  a  fraction  of  that  needed  by  the  testing  engineer, 
especially  if  he  happens  to  have  it  as  his  field  of  work, 
to  defend  the  interests  of  a  great  consumer.  It  is  legit- 
imate and  reasonably  to  be  expected  that  the  schools 
should  teach  a  young  man  how  to  learn,  and  should  start 
him  in  a  number  of  subjects;  but  his  real  education 
comes  later.  We  often  say  to  our  young  men  that  the 
two  things  that  a  recent  graduate  needs  most  are  expe- 
rience and  acquaintance.  Under  the  head  of  expe- 
rience, we  comprehend  the  arranging  of  the  informa- 
tion already  acquired,  so  that  each  part  will  have  its 
due,  and  only  its  due  prominence,  the  accumulation  of 
additional  information,  either  by  reading,  by  close  and 
continuous  study  of  his  main  theme  or  related  branches 
—we  fancy  it  almost  goes  without  saying  that  the  man 
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who  expects  to  reach  even  moderate  success  as  a  testing 
engineer  must  study  harder  the  first  five  or  ten  years 
after  graduation  than  he  did  at  any  time  while  in  school 
—we  say  a  man  must  accumulate  experience  by  arrang- 
ing the  information  already  acquired,  by  reading,  by 
study,  and  actual  contact  with  industrial  processes,  and 
with  the  world's  work,  in  every  possible  detail,  and 
above  all,  a  man  must  acquire  experience  by  actual 
wrestling  with  problems  that  may  be  committed  to  his 
care.  It  is  apparently  not  essential,  in  order  to  gain 
experience,  that  one  should  successfully  solve  his  prob- 
lems. Faraday  was  accustomed  to  say  that  he  actually 
learned  more  by  his  failures  than  from  his  successes. 
We  cannot,  we  think,  too  emphatically  insist  on  the 
importance  to  the  testing  engineer,  of  self  education,  of 
the  broadening  of  his  field  of  knowledge  and  of  the 
acquisition  of  facts.  The  testing  engineer  should  be 
an  omnivorous  student.  Nothing  too  trivial  to  interest 
him,  nothing  too  remote  from  his  present  line  of  work 
to  make  a  legitimate  demand  on  his  attention  should 
opportunity  offer.  The  schools,  if  they  have  done  tiieir 
duty,  have  given  you  a  more  or  less  trained  mind,  and 
have  taught  you  how  to  learn.  It  is  your  own  fault  if 
you  do  not  broaden  every  day.  You  can  never  tell  what 
moment  you  will  need,  and  badly  need,  some  out-of-the- 
way  fact.    Store  them  up  against  that  time  of  need. 

Perhaps  you  will  forgive  me  an  illustration  or  two 
on  this  point.  We  recently  saw  a  broken  steel  car  axle. 
The  break  occurred  ten  or  twelve  inches  from  the  end 
of  the  axle.  On  examining  both  ends,  there  was  some 
appearance  of  seams,  not  radial,  but  rather  in  a  sense 
irregularly  parallel  to  the  circumference.    These  seams 
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suggested  that  probably  the  axle  was  made  from  a  billet 
coming  from  somewhere  near  the  top  of  the  ingot,  and 
that  the  seams  were  in  some  way  connected  with  the 
pipe.  It  was  reasoned  that  if  this  were  true,  an  anal- 
ysis of  the  metal  from  the  surface  and  from  the  center 
of  the  cross  section  of  the  axle  would  show  segregation, 
and  that  if,  for  example,  much  higher  phosphorus  were 
found  in  the  center  than  at  the  circumference,  it  would 
almost  be  a  demonstration  of  the  location  of  the  billet. 
Of  course  the  whole  object  of  the  study  was  to  see  if  any 
information  could  be  obtained  that  would  prevent  the 
acceptance  of  such  bad  axles  in  the  future.  It  should 
be  mentioned  that  the  broken-off  piece  was  sawed  in 
two  lengthwise,  and  that  when  this  was  done,  from  one 
of  the  halves  a  core  amounting  to  about  a  third  of  the 
cross  sectional  area  actually  fell  out,  showing  that  the 
seam  indications  at  the  end  were  genuine,  and  that  the 
seam  did  actually  exist.  The  analysis  above  referred 
to  was  made,  and  to  our  astonishment  showed  lower 
phosphorus  in  the  center  than  in  the  circumference. 
This  seemed  to  settle  the  question  as  to  the  relation 
between  the  seam  and  the  pipe  and,  indeed,  we  regarded 
it  as  conclusive  evidence  that  the  billet  from  which  this 
axle  was  made  was  not  taken  from  too  high  up  in  the 
ingot,  but  it  left  unsettled  the  cause  of  the  seam.  Per- 
haps, however,  a  few  words  farther  on  certain  well- 
known  phenomena  in  steel  metallurgy  will  help  us  in 
clearing  up  the  point.  It  is  obvious  that  if  in  a  big 
ingot,  a  portion  of  it  contains  more  than  the  normal 
amount  of  phosphorus,  carbon,  or  sulphur,  as  is  actually 
the  fact  in  the  case  of  segregation,  it  must  follow  that 
there  will  be  parts  of  the  ingot  which  will  contain  less 


246  THE  TE8TINO  ENQINEEB. 

than  the  normal  amounts  of  these  constituents.  It  is 
generally  assumed  that  the  outside  of  a  forging  like 
an  axle  gives  very  close  to  the  normal  analysis  of  the 
steely  since  from  the  method  of  manufacture  this  outer 
metal  was  near  the  surface  of  the  ingot  when  the  metal 
was  cast,  and  consequently  cooled  too  quickly  to  permit 
perceptible  segregation.  Also  if  we  are  right,  the  anal- 
ysis of  borings  taken  from  different  parts  of  the  inner 
fa<:e  of  an  ingot  sawed  in  two  lengthwise  for  the  pur- 
pose,  shows  that  phosphorus,  carbon  and  sulphur,  near 
the  middle  of  the  lower  third  of  the  ingot,  are  usually 
below  the  normal.  Now  since  the  phosphorus  in  the 
center  of  our  axle  was  lower  than  in  the  circumference, 
it  seems  evident  that  the  billet  from  which  it  was  made 
must  have  been  from  somewhere  in  the  lower  third  of 
the  ingot.  Apparently,  therefore,  we  must  look  here 
for  the  cause  of  the  seams.  The  steel  makers  present 
have  undoubtedly  sometime  since  foreseen  the  cause  of 
the  difficulty  with  this  axle.  For  the  benefit  of  the 
others  we  may  say  that  seamy  bottoms  of  ingots  are  now 
usually  explained  by  wet  or  insufficiently  dried  bottoms 
of  ingot  moulds.  The  steam  or  other  volatile  material 
generated  by  the  heat  of  the  molten  metal,  can  appar- 
ently only  escape  up  through  the  molten  metal  itself, 
forming  a  seam  which  the  subsequent  treatment  does 
not  weld  up. 

Another  brief  illustration  will  perhaps  emphasize  the 
importance  to  the  testing  engineer  of  familiarity  with 
the  minute  details  of  industrial  processes.  A  couple 
of  years  ago,  while  the  finishing  cut  was  being  taken 
on  a  steel  driving  axle  in  a  lathe,  the  operator  noticed 
in  the  freshly  cut  surface  what  appeared  to  be  a  small 
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flaw.  On  testing  this  with  a  pin,  the  pin  disappeared, 
and  quite  a  length  of  fine  wire  followed  it.  On  taking 
out  a  transverse  slice  of  the  axle  at  this  point,  a  cavity 
was  found  in  the  metal,  which  would  hold  half  a  pint 
or  more.  The  walls  of  the  cavity  were  perfectly  clean 
and  bright,  and  but  for  the  fact  that  the  finishing  cut 
just  happened  to  open  up  the  cavity  a  trifle,  its  presence 
would  not  have  been  suspected,  and  the  axle  would  have 
gone  into  service.  It  is  perhaps  safe  to  say  that  one 
quarter  or  possibly  one  third  of  the  cross  sectional  area 
of  the  axle  was  embraced  in  the  cavity.  We  have  seen 
a  number  of  such  cases,  and  unfortunately  the  phenom- 
enon is  not  too  rare.  Almost  any  practical  steel  maker, 
when  asked  for  the  cause  of  such  a  cavity  in  what  is 
apparently  a  solid  piece  of  metal,  would  probably  lacon- 
ically answer,  ** careless  heater.**  In  order  to  under- 
stand this  statement,  it  is  necessary  to  say  that  many 
driving  axles  even  when  they  are  finished,  are  about 
eleven  inches  in  diameter,  and  that  the  bloom  from 
which  they  are  forged  is  considerably  larger.  If  now 
such  a  bloom  when  cold  is  put  into  a  hot  furnace,  the 
outside  layers  get  hot  long  before  the  inside  has  begun 
to  raise  much  in  temperature.  A  severe  strain,  due 
to  the  greater  expansion  of  the  outside  layers,  is  ac- 
cordingly set  up,  which  strain  is  enough  occasionally  to 
actually  rupture  the  inside.  Subsequent  forging  opens 
out  this  rupture  into  a  cavity.  The  rupture  is  usually 
accompanied  by  a  noise  like  a  pistol  shot.  The  unfor- 
tunate part  of  the  business  is  Ihat  there  being  a  number 
of  blooms  in  the  furnace  at  one  time,  it  is  impossible 
to  tell  which  one  has  yielded  to  the  strain.  As  would 
be  expected,  the  larger  the  asle  the  more  common  this 
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defect,  and  we  know  of  one  large  railroad  that  bores  a 
two-inch  hole  through  every  axle  over  eight  inches  in 
diameter  that  is  destined  for  passenger  service.  The 
boring  of  the  hole  enables  the  cavity  to  be  discovered, 
either  by  the  behavior  of  the  drill,  or  by  sight  exami* 
nations  after  the  hole  is  finished.  It  is  interesting  to 
know  that  something  over  two  per  cent  of  all  axles 
bored  are  defective  in  this  way. 

One  or  two  points  more,  and  we  have  finished.  It 
may  seem  an  idle  question,  but  it  is  certainly  an  inter- 
esting one,  as  to  which  of  the  three  kinds  of  testing 
engineers  has  the  most  attractive  field  of  work.  The 
unattached  testing  engineer  certainly  has  the  greatest 
freedom,  but  at  the  same  time  the  least  stimulus.  The 
producer's  testing  engineer  undoubtedly  has  the  best 
financial  reward,  but  at  the  same  time  the  narrower 
field.  He  has,  however,  the  advantage  of  concentra- 
tion, and  as  almost  every  modem  industry  has  scores 
of  unsolved  problems  connected  with  it,  there  is  no  rea- 
son, if  he  will  work,  why  he  should  not  achieve  a  great 
success.  On  the  other  hand,  the  consumer's  testing 
engineer  has  unquestionably  the  broader  field,  the 
greater  chance  for  initiative,  and  perhaps  more  impor- 
tant  than  all,  an  opportunity  to  study  the  behavior  of 
materials  in  actual  service.  This  last  item  gives  him 
a  great  advantage.  The  behavior  in  service  is  unques- 
tionably the  ultimate  criterion  by  which  every  indus- 
trial product  must  be  judged,  and  by  whose  decision, 
sooner  or  later,  it  must  stand  or  fall.  Undoubtedly, 
individual  characteristics  are  a  legitimate  element  in 
the  choice,  but  our  counsel  would  be  to  every  ambitious 
testing  engineer,  to  get  as  near  to  the  service  as  pos- 
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sible,  and  to  this  end  to  make  some  sacrifices  if  neces- 
sary, to  secure  a  position  with  a  consumer. 

And  this  brings  us  to  another  point.  We  have  many 
times  heard  complaints  of  the  dullness  and  unsatisfac- 
toriness  of  spending  one's  days  and  weeks  in  making 
routine  tests.  We  are  compelled  to  say  that  we  do  not 
understand  this.  It  is  one  of  our  sincere  regrets  that 
we  are  no  longer  able  to  do  routine  work.  To  us  there 
is  genuine  pleasure  in  seeing  how  the  test  comes  out  in 
each  individual  case,  although  we  may  have  performed 
the  same  operation  over  and  over  again.  Moreover, 
there  is  scarcely  a  method  in  use  to-day,  either  in  chem- 
ical or  physical  testing  that  is  not  capable  of  improve- 
ment, either  in  accuracy  or  speed,  or  both,  and  what 
better  opportunity  for  suggestions  could  be  desired  than 
is  furnished  while  the  hands  are  busy  doing  that  which 
from  long  practice  they  do  almost  automatically,  and 
with  the  attention  necessarily  directed  to  the  subject  in 
hand,  leaving  the  mind  almost  free  to  dwell  on  possible 
changes  leading  to  progress.  Some  of  our  very  best 
thoughts  have  come  to  use  while  engaged  in  routine 
work.  One  is  very  near  to  nature 's  heart  when  making 
tests,  even  routine  tests,  and  if  his  mind  at  such  times 
is  alert  and  receptive  she  will  not  infrequently  give  him 
a  hint  or  disclose  a  fraction  of  some  of  her  secrets  to 
his  view. 

There  is  one  more  phase  of  the  work  of  the  testing 
engineer  which  will  perhaps  bear  a  few  words,  and  that 
is  the  relation  between  the  testing  engineer  and  those 
whose  material  he  is  testing.  This  is  unquestionably 
a  delicate  subject,  one  that  we  would  all  gladly  feel  did 
not  need  discussion  or  comment,  and  yet  one  that  is 
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constantly  thrusting  itself  into  prominence  in  some 
form.  For  the  honor  of  human  nature,  it  is  gratifying 
to  be  able  to  put  on  record  that  during  nearly  thirty 
years  of  almost  constant  testing,  only  once  have  direct 
financial  considerations  been  urged  upon  us  to  influence 
our  verdict  in  regard  to  material.  On  the  other  hand, 
we  have  heard  representatives  of  entirely  reputable 
business  organizations  say  openly,  ''It  costs  us  some- 
thing to  sell  our  goods,  and  it  is  entirely  inunaterial  to 
us  whether  this  money  goes  to  our  selling  agents,  or  to 
the  representatives  of  the  consumers. ' '  And  this  is  not 
the  worst  phase  of  the  matter.  It  is  well  known  that 
the  representatives  of  consumers  who  act  in  some  sense 
in  the  capacity  of  testing  engineers,  in  that  their  opinion 
or  decision  determines  the  placing  of  orders,  not  only 
accept  substantial  considerations  from  producers,  but 
even  demand  them,  if  not  openly,  at  least  indirectly.  The 
subject  is  one  on  which  much  might  be  said.  An  hour 
could  readily  be  filled  in  narrating  incidents  and  por- 
traying the  forms  in  which  the  hydra-headed  monster, 
graft,  manifests  itself.  We  are  confident  that  neither 
side  is  free  from  blame :  we  are  equally  confident  that 
strict,  open  honesty  is  the  only  safe  course.  It  may 
not  be  amiss  to  add  that  so  insidious  are  the  forms  in 
which  this  evil  manifests  itself,  that,  in  the  words  of 
the  Scripture,  they  would  at  times  deceive  the  very 
elect,  and  while  it  is  not  possible  to  discuss  these  mat- 
ters without  raising  interminable  questions  of  casuistry 
and  metaphysics,  it  is  possible  to  so  act  as  to  have  the 
continuous  approval  of  a  good,  clean  conscience.  No 
universal  rule  can  be  given.  Each  one  in  a  sense  must 
be  a  law  unto  himself.    Perhaps  the  best  every-day 
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working  rule  for  young  testing  engineers  is,  do  nothing 
yon  would  not  be  willing  to  talk  over  with  your  em- 
ployer, even  in  the  presence  of  the  other  party.  It  is 
sometimes  a  bit  hard  to  resist  and  say ' '  no, ' '  but  of  one 
thing  be  sure-every  departure  from  strict  integrity 
willy  sooner  or  later,  return  to  plague  you,  and  should 
your  actions  ultimately  result  in  your  downfall,  from 
none  will  you  get  less  sympathy  than  from  those  who 
may  have  contributed  to  your  disaster. 
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OF  CONSTRUCTION.* 

BY   W.   KENDRICK   HATT, 
Professor   of   Applied   Mechanics,   Purdue   UniTersity. 

Prefatory  Note.— A  laboratory  course  of  practice  in 
the  determination  of  the  mechanical  and  physical  prop- 
erties of  materials,  commonly  called  ^'testing  mate- 
rials, ' '  has  come  to  be  a  part  of  an  engineering  course, 
either  as  a  separate  course  or  as  part  of  a  course  in  the 
general  engineering  laboratory.  The  author  does  not 
know  of  any  special  discussion  of  the  content  and 
method  of  administration  of  such  a  course,  and  here 
presents  such  a  discussion  with  the  desire  of  obtaining 
criticisms  from  professional  testing  engiaeers.  This 
paper  is  based  upon  the  course  developed  in  the  Labo- 
ratory for  Testing  Materials  of  Purdue  University. 
The  practice  of  administration  of  the  course  as  far  as 
the  sequence  of  experiments  is  concerned  it  not  wholly 
logical,  but  is  conditioned  by  the  necessity  of  arranging 
instruction  for  large  sections  of  students. 

Outline  op  Work  in  Laboratory  fob  Testing 

Materials. 

^im^.— The  aims  of  administering  the  work  in  the 
laboratory  are  as  follows : 
1.  The  student  is  to  obtain  a  knowledge  of  materials 

*  The  author  desires  to  acknowledge  the  assistance  given  by  Messrs. 
E.  J.  Fermier  and  £.  L.  Hancock,  instructors  in  applied  mechanics  in 
Purdue  University,  in  the  preparation  of  the  above  paper. 
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by  handling  them  and  watching  their  behavior  under 
stress.  From  the  appearance  before  and  after  test  he 
is  led  to  recognize  the  nature  of  normal  and  defective 
samples,  and  the  degree  of  uniformity  to  be  expected. 
This  knowledge  will  give  character  to  the  work  of  engi- 
neering design,  and  will  be  of  service. in  work  of  in- 
spection. 

2.  A  knowledge  of  the  technique  of  testing  materials 
is  gained,  by  which  he  may  know  afterwards  if  proper 
methods  are  being  used  in  cases  that  come  under  his 
inspection,  and  by  which  he  may  judge  the  significance 
of  results  of  the  tests  of  material  submitted  to  him. 

3.  A  training  is  given  in  precise  methods  of  observa- 
tion. 

4.  The  class-room  instruction  in  Applied  Mechanics  is 
reinforced  with  concrete  knowledge  of  things  and  prop- 
erties, which  are  otherwise  only  words  defined  in  text- 
books. The  application  of  theoretical  analysis  to  the 
tests  performed  in  the  laboratory  becomes  of  individual 
interest  and  is  fixed  in  the  mind.  Discrepancies  be- 
tween theoretical  deductions  and  results  of  tests  of 
actual  material  as  supplied  to  the  market  also  become 
evident.  Many  of  the  fimdamental  facts  relating  to 
metals,  such  as  the  relative  stiffness  of  hard  and  soft 
steel,  the  elevation  of  the  yield  point,  and  the  lowering 
of  the  elastic  limit  through  overstrain  can  also  be 
brought  to  the  student's  notice  by  a  few  well-selected 
experiments. 

5.  Thesis  work  in  testing  materials  presents  a  ready 
and  attractive  medium  by  which  students  can  receive 
some  training  in  proper  methods  of  planning  and  exe- 
cuting experimental  investigations.    The  work  may  be 
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individual,  or  performed  by  groups  of  students,  and  the 
expense  of  material  is  small.  If  the  professor  is  inter- 
ested in  some  one  field  of  investigation  and  systemat- 
ically plans  or  lays  out  the  field  for  a  term  of  years, 
the  theses  in  time  are  of  use  in  extending  knowledge. 

Methods  of  Instruction.— Work  is  assigned  from  day 
to  day  according  to  the  progress  of  the  student.  The 
laboratory  work  is  self-contained,  t.  e.,  the  work  is  all 
to  be  performed  during  the  time  assigned  by  the  faculty 
and  the  calculations  are  i)erformed  and  the  reports 
written  up  under  the  eye  of  the  instructor.  The  stu- 
dents work  in  parties  of  three.  An  outline  of  the  ex- 
periment is  given  to  the  student  before  performing  the 
test.  The  data  is  taken  and  the  reports  are  handed  in 
as  results.  Slide  rule  calculations  are  used.  From 
time  to  time  lectures  are  given  explaining  the  manu- 
facture  and  properties  of  the  common  materials  tested, 
and  dealing  with  the  technique  of  testing. 

One  valuable  feature  of  the  work  as  administered  is 
that  the  student  is  referred  to  standard  text-books  and 
standard  specifications,  and  is  asked  to  ascertain  how 
far  the  material  tested  deviates  from  the  character  of 
the  normal  material.  At  times  materials  are  given  to 
the  student  without  description  or  name  and  he  is  asked 
to  make  tests  and  determine  their  commercial  rating. 

T&e  specifications  on  hand  are :  American  Society  for 
Testing  Materials;  Pennsylvania  Railroad,  and  J.  I. 
Case  Threshing  Machine  Company.  The  volumes  in 
the  laboratory  are  in  part :  * '  Reports  of  Tests  of  Metals, 
Watertown  Arsenal '  * ;  * '  Materials  of  Construction,  * '  by 
J.  B.  Johnson;  ** Masonry  Construction, ' '  by  I.  O. 
Baker;  and  *^ Handbook  of  Testing  Materials,*'  by  A. 
Martens  (translated  by  Gus  Henning). 
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The  method  of  administering  thesis  work  in  general 
involves  the  following  steps:  A  list  of  problems,  to 
which,  on  account  of  limitations  of  equipment  and  the 
desire  to  concentrate,  the  work  of  the  laboratory  should 
be  confined,  is  prepared  early  in  the  year.  Theses  sub- 
jects are  generally  chosen  from  this  list  by  students. 
When  a  subject  is  chosen  by  a  student,  a  thesis  outline 
is  prepared  by  the  professor  in  consultation  with  the 
student,  in  which  the  problem  is  clearly  stated;  the 
authorities,  if  any,  cited ;  a  list  of  literature,  or  direc- 
tions to  main  source  of  information  given ;  and  the  main 
plan  of  attack  fairly  definitely  indicated.  Details  of 
apparatus,  etc.,  are  generally  left  to  the  student.  At 
times  a  student  presents  a  subject  of  his  own  choice. 
It  is  thought  that  it  is  better  that  he  should  be  given 
sufficient  guidance  and  should  thus  come  to  the  end  of 
the  year  with  some  definite  conclusions  reached,  than 
that  his  energy  should  result  in  a  mass  of  tangled  data 
such  as  the  average  imdergraduate  obtains  by  his  own 
inexperienced  planning.  Insistence  is  placed  upon  form 
of  presentation  and  analysis  of  the  subject.  The  writ- 
ten thesis  covers  a  clear  and  logical  account  of  the  pur- 
pose of  the  thesis ;  the  material  tested ;  the  methods  and 
machines,  with  a  discussion  of  error ;  the  actual  results ; 
the  analysis  and  presentation  of  the  results;  and  the 
conclusions  therefrom.  All  data  remain  the  property 
of  the  university  and  publication  of  the  results  may 
only  be  made  by  the  student  with  the  consent  of  the 
University  authorities. 
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Machines  and  Appabatus. 

The  equipment  in  a  testing  laboratory  in  a  State  Uni- 
versity is  primarily  for  routine  instruction  and  inci- 
dentally for  research  and  for  assistance  to  the  various 
technical  interests  of  the  State  or  the  general  public. 
This  equipment  should  include  a  preponderance  of 
small  machines  suitable  for  routine  experiments.  The 
author  has  found  a  30,000  pound  imiversal  knife-edge- 
lever  machine  best  suited  for  this  purpose.  It  should 
be  operated  by  power  and  spur  gearing.  The  poise 
should  be  a  dial  poise.  Naturally^  in  this  country  the 
choice  will  be  between  the  Olsen  and  Biehle  type  of 
machine.    The  speeds  should  be  as  follows : 

Up  and  down  fast  speed  for  adjusting  2^  inches  per 
minute. 

Down  for  flexure  .15  inches  per  minute. 

Down  for  extensometer  tests  1-100  inch  per  minute. 

Distance  between  screws  8  inches. 

Clear  travel  of  heads  22  inches. 

It  will  be  of  no  particular  advantage  to  have  this 
machine  automatic  or  autographic. 

Flexure  tests  are  provided  for  by  placing  a  small 
^  ^  I "  beam  across  the  platform  of  the  testing  machine. 
The  machine  should  be  calibrated  either  by  special 
levers  or  else  according  to  the  practice  of  the  author, 
by  the  use  of  a  standard  nickel-steel  bar  whose  modulus 
of  elasticity  is  measured  with  a  calibrated  extensom- 
eter. The  bar  is  kept  in  the  laboratory  and  is  not 
strained  beyond  its  elastic  limit.  In  three  instances  in 
the  author 's  experience  this  calibration  has  been  found 
necessary.  A  nut  on  the  bed  of  the  machine  calibrated 
had  worked  loose  and  through  lack  of  clearance  had 
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blocked  the  main  lever  at  a  load  on  the  testing  machine 
of  one  half  its  capacity. 

For  the  work  of  thesis  investigation  and  tests  for 
ontside  parties  machines  of  large  capacity  are  needed. 
Snch  a  machine  serves  for  tests  on  colnmns^  girders, 
couplers,  draft  rigging  and  miscellaneous  railway  ap- 
pliances, reinforced  concrete  beams  and  ^^I"  beams. 
Such  a  machine  should  have  vertical  head  room  of  at 
least  ten  feet  and  a  distance  between  screws  of  twenty- 
six  inches. 

A  cross  table  for  flexure  is  not  necessary  and  may 
be  provided  for  by  an  **!'*  beam.  The  futility  of  pro- 
viding a  cross  table  designed  for  the  full  capacity  of  the 
testing  machine,  as  is  sometimes  the  case,  is  evident. 

The  capacity  of  the  large  machine  is  a  matter  needing 
discussion.  The  author  would  provide  for  a  200,000- 
pound  machine,  and  then  jump  to  one  of  large  capacity- 
over  600,000  pounds.  A  machine  of  the  latter  type  need 
not  be  a  knife-edge  machine.  It  is  only  useful  for  testing 
manufactured  articles  or  large  structures  in  which  there 
is  a  great  inherent  variabiUty.  A  machine  whose  accu- 
racy is  in  keeping  with  such  material  may  be  of  the 
hydraulic  type.  The  load  may  be  measured  upon  a 
diaphragm  gauge.  A  horizontal  machine  seems  the 
most  convenient.  A  machine  may  be  calibrated  from 
time  to  time  by  the  use  of  a  large  nickel  steel  bar  with 
extensometers.  This  will  check  up  any  great  variation 
in  friction  in  the  packing  of  the  piston. 

A  torsion  machine  should  be  provided  to  illustrate 
the  laws  of  torsion.  A  60,000-inch  pound  machine  will 
be  sufficient. 

Some  form  of  impact  machine  serves  well  to  illus- 

(17) 
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trate  the  phenomena  of  mptnre  nnder  impact^  and  the 
mechanical  relations  between  work  and  energy.  A  con- 
venient form  of  machine  is  the  one  recently  built  by 
Purdue  University  for  the  Bureau  of  Forestry  provid- 
ing for  compression  and  flexure  impact  tests.  The 
hammer  varies  from  50  to  250  pounds.  The  fall  is  six 
feet.  The  base  is  seven  feet  long.  Total  weight  of 
machine  is  about  4,000  pounds.  The  hammer  is  lifted 
by  an  electric  motor  though  the  medium  of  an  electric 
magnet.  A  gentle  and  convenient  release  is  brought 
about  by  cutting  the  current  oflF  from  this  electric  mag- 
net. There  is  a  pencil  attached  to  the  hammer  which 
writes  a  curve  on  a  revolving  drum,  whose  speed  is 
shown  by  the  record  of  the  tuning  fork  thereon. 

Further  apparatus  will  naturally  be  governed  by  the 
individual  interests  of  the  professor  in  charge,  and  the 
interests  of  the  State  which  the  laboratory  serves. 
There  is  no  need  of  providing  certain  special  appa- 
ratus in  all  laboratories  any  more  than  there  is  need 
for  duplication  of  highly  specialized  courses  of  instruc- 
tion in  some  particular  branch  of  technology  in  two 
universities  near  at  hand  to  each  other. 

Extensometers.— The  conmionly  used,  electric  con- 
tact extensometer  reading  to  one  ten  thousandth  of  an 
inch,  teaches  care  of  manipulation,  but  the  deformations 
at  the  elastic  limit  and  yield  point  are  not  evident  to 
the  senses  as  they  are  in  a  roller  extensometer.  The 
author  has  found  the  Johnson  extensometer  most  favor- 
able to  the  work  of  instruction  and  research.  He  has 
not  found  it  possible  in  his  laboratory  to  use  the  mirror 
extensometer  on  accoimt  of  the  jarring  of  the  machinery 
resulting  from  the  general  work  of  the  laboratory. 
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A  compressometer  reading  to  one  ten  thousandth  of  an 
inch  is  highly  nseful  in  determining  the  fundamental 
properties  of  brittle  materials,  and  a  number  of  deflec- 
tometers  reading  to  one  hundredth  of  an  inch  are  useful 
for  flexure  tests. 

The  Henning  Recorder  is  a  very  useful  apparatus 
from  an  educational  standpoint.  The  rupture-work  and 
the  relations  of  the  various  constants  of  the  material 
are  brought  distinctly  to  the  notice  of  the  students. 

The  usual  micrometers  and  scales  need  not  be  de* 
scribed.  A  note  may  be  made  concerning  the  useful- 
ness of  plaster  of  Paris  in  testing  concrete  or  stone 
specimens. 

A  drying  oven  is  often  needed  to  determine  the  mois- 
ture in  wood,  or  to  dry  out  bricks  before  testing.  Some 
form  of  abrasion  machine  is  useful  in  preparing  stone 
specimens  for  compression  tests. 

The  standard  equipment  of  a  cement  testing  labo- 
ratory should  be  included.  The  automatic  shot  ma- 
chine is  no  doubt  the  best  type  of  these  machines;  a 
type  in  which  the  load  is  applied  through  the  flow  of 
shot  from  the  bucket  has  proved  satisfactory  to  the 
author.  Mechanical  mixers,  molders  and  tampers  are 
of  a  doubtful  value. 

As  indicative  of  the  growth  of  the  equipment  of  a 
laboratory,  the  following  list  is  given  of  the  machines 
in  the  Laboratory  for  Testing  Materials  of  Purdue 
University : 

One  300,000-pound  Universal  Biehle  testing  machine 
capable  of  testing  specimens  in  compression  up  to  ten 
feet  in  length.  This  machine  is  used  for  testing  con- 
crete beams,  draft  rigging,  car  bolsters  and  large  work. 
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One  200y000-poimd  Biehle  testing  machine,  auto- 
graphic and  automatic. 

One  100,000-pound  Olsen  Universal  testing  machine. 

One  50,000-pound  Biehle  Hydraulic  testing  machine. 

One  20,000-pound  Falkenau-Sinclair  Universal  test- 
ing machine. 

Three  30,000-poTmd  Olsen  Universal  testing  ma- 
chines. 

One  Impact  testing  machine  for  compression  and  ten- 
sion with  a  drum  for  automatic  records,  and  mechanical 
hoist.  500-  and  800-pound  hammers,  nine  feet  free  fall 
in  compression. 

One  Impact  testing  machine  for  compression  and 
flexure  tests,  electric  magnet  hoist  and  release.  50-, 
100-  and  250-pound  hammers,  six  feet  free  fall. 

One  Impact  testing  machine  for  car  axles  and  coup- 
lers with  a  2,000-pound  hammer  and  height  of  50  feet. 
Deposited  by  the  Master  Car  Builders'  Association. 

One  Abrasion  testing  machine  (deposited),  Dorry 
type. 

One  Battler  for  testing  paving  blocks,  Purdue  type. 

One  Biehle  wire  tester  of  600  pounds  capacity,  with 
spring  dial. 

One  Flexure  machine  for  testing  cast  iron.  (Depos- 
ited.) 

One  2,000-pound  Olsen  cement  testing  machine. 

One  1,000-pound  Fairbanks  automatic  shot  cement 
testing  machine. 

One  1,000-pound  Falkenau-Sinclair  automatic  shot 
cement  testing  machine. 

One  60,000-pound  Olsen  torsion  testing  machine. 

One  60,000-pound  Biehle-Miller  torsion  testing  ma- 
chine.    ( Deposited. ) 
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The  cabinet  of  the  laboratory  contains  a  good  collec- 
tion of  scales,  micrometers  and  instruments  of  precision. 

One  Biehle-Yale  extensometer. 

Two  Johnson  dial  extensometers,  with  anxiliary 
yokes  for  compression  tests  of  concrete  cylinders. 

One  Olsen  lever  extensoineter. 

One  Olsen  compressometer. 

One  Henning  pocket  recorder. 

Time  Devoted  to  Wobk. 

Electrical  and  mechanical  engineers  report  one  period 
of  two  hours  per  week  for  one  semester. 

Civil  engineers  report  one  period  of  two  hours  per 
week  for  two  semesters. 

EXPEBIMENTS. 

A  list  of  experiments  from  which  assignments  are 
made  in  the  author's  laboratory  is  as  follows: 

1.  Commercial  Tension  Test  on  Iron  and  Steel. 
(Without  proportional  limit  or  modulus  of  elasticity.) 

2.  Henning  Becorder,  Iron  and  Steel. 

3.  Tale  Extensometer,  Iron  and  Steel.  (Propor- 
tional limit  and  modulus  of  elasticity.) 

4.  Johnson  Extensometer,  Iron  and  Steel. 

5.  Compression  Test  and  Flexure  Test  of  Stone  and 
Brick. 

6.  Compression  Test  on  Wood. 

7.  Compression  Test  on  Iron  and  Steel. 

8.  Compression  Test  on  Concrete,  using  compres- 
someter. 

9.  Flexure  Test  of  Wood  Sticks. 

10.  Flexure  Test  of  built  structures  like  Brakebeams 
or  Bolsters. 
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11.  Flexure  Test  of  Concrete  and  Reinforced  Con- 
crete. 

12.  Torsion  Test  of  SteeL 

13.  Impact  Tests. 

14.  Cement  Tests. 

15.  Specific  Gravity  of  Cement. 

16.  Wire  Rope  Test— Test  of  Separate  Wires. 

17.  Wire  Rope  Test— Entire  Rope. 

18.  Cloth  and  Tarn  Test. 

19.  Belt  Testing. 

20.  Cold  and  Qnench  Bending  Test 

21.  Hard  and  Soft  Steel  Flexural  Test. 

22.  Effect  of  Overstrain  and  Subsequent  Annealing. 

23.  Rattler  Test  for  Brick. 

24.  Analysis  of  Data. 

25.  Test  of  Draft  Rigging. 

26.  Test  of  Couplers. 

27.  Calibration. 

FOBMS  AND  IkSTBUGTIOKS. 

It  is  recognized  that  instruction  in  a  laboratory  for 
testing  materials  demands  a  more  constant  supervision 
and  closer  attention  on  the  part  of  the  instructor  than 
is  the  case  in,  for  instance,  a  steam  laboratory,  since 
the  operations  of  placing  material  in  the  machine  and 
attaching  micrometers  differ  with  nearly  every  exper- 
iment. Furthermore,  the  attention  of  the  student 
should  be  called  to  the  phenomena  which  occur  in  the 
material  under  test.  Due  to  necessity,  however,  of  or- 
ganizing the  work  for  the  handling  of  large  sections, 
it  is  necessary,  as  far  as  possible,  to  prepare  forms 
directing  the  operations  of  the  student  and  instructing 
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him  with  reference  to  the  preparation  of  the  reports. 

Suoh  reports  in  general  should  state  the  purpose  of  the 
experiment^  the  material  supplied,  the  methods  of  tests, 
a  presentation  of  the  actual  data,  analysis  and  exhibi- 
tion of  the  data  in  the  form  of  diagrams,  and  finally 
the  conclusion,  or  comparison  of  the  results  with  stan- 
dard results.  It  is  not  the  author 's  belief  that  the  stu- 
dent's  time  is  profitably  used  in  making  elaborate  draw- 
ings of  machines  and  apparatus  used,  and  it  is  his  prac- 
tice to  do  away  as  far  as  possible  with  merely  clerical 
work  on  the  part  of  students  by  supplying  the  proper 
forms. 

There  is  here  appended  a  number  of  directions  for 
performing  the  more  important  experiments  in  the  lab- 
oratory. Such  instructions  are  supplied  to  students  in 
their  work.  These  are  offered  with  the  hope  that  they 
may  prove  of  use  to  other  instructors,  and  with  the 
desire  to  obtain  criticism  upon  the  methods  therein 
outlined.  The  forms  are  not  complete  for  all  the  exper- 
iments, but  the  main  experiments  are  included. 

Tension  Test  of  Ibon  and  Steel. 

I.  Purpose  of  the  Experiment. 

The  experiment  is  intended  to  represent  the  con- 
ditions obtaining  in  an  ordinary  commercial  test  with 
the  exception  that  the  speed  of  descent  of  the  pulling 
head  of  the  testing  machine  is  much  slower  than  cus- 
tomary in  commercial  laboratories.  The  experiment 
will  determine  the  strength  and  ductility  of  the  mate- 
rial which  are  the  common  measures  of  quality.  The 
kind  and  classification  of  the  material  supplied  may  be 
known  from  the  results  of  the  experiment 
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n.  Preliminary. 

1.  Note  fhe  serial  number  or  mark  cm  the  specimen. 

2.  With  vernier  or  micrometer  calipers  measure  the 
average  dimensions  of  the  cross  section. 

3.  Lay  off  gauge  length  of  eight  inches,  each  inch 
being  marked  by  a  light  center  punch  mark. 

4.  Carefully  balance  the  testing  machine  and  then 
insert  the  test-piece  in  the  wedges,  being  careful  that 
the  test-piece  is  centrally  disposed  in  the  axis  of  the 
machine,  and  that  the  ends  of  the  test  bar  project 
slightly  beyond  the  wedges.  Grip  the  wedges  by  ap- 
plying a  load  of  about  500  pounds.  Chalk  a  small  area 
of  the  bar  near  the  upper  gauge  mark.  Before  pro- 
ceeding with  the  test  allow  the  instructor  to  inspect 

the  work. 

m.   Operations  in  Testing. 

One  student  should  insert  one  leg  of  a  pair  of  dividers 
in  the  lower  gauge  mark  and  scribe  a  line  with  the  upper 
leg  on  the  area  previously  chalked.  Apply  the  load  at 
a  low  and  uniform  speed  and  operate  the  poise  so  as  to 
keep  the  scale  beam  floating. 

The  operator  with  the  dividers  should  notify  the 
operator  at  the  poise  when  the  width  of  the  scribed 
line  increases  perceptibly  due  to  sudden  increase  in 
the  rate  of  stretching  of  the  test  bar  under  the  load* 
At  this  time  the  beam  may  be  expected  to  drop  sud- 
denly and  remain  down.  This  increase  in  elongation 
without  a  corresponding  increase  in  loads  is  the  **  yield 
point,''  or  commercially,  the  ''elastic  limit.''  It  is  a 
point  beyond  the  true  elastic  limit  as  obtained  in  exper- 
iment No.  3. 

During  a  further  stretching  of  the  bar  the  beam  will 
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again  rise  and  should  be  kept  floating  np  to  the  max- 
imnm  load.  At  this  maximum  load  the  bar  begins  to 
neck  in,  the  material  becoming  plastic  at  the  point  of 
the  formation  of  the  neck.  Record  in  the  report  the 
yield  point  and  the  maximum  load. 

IV.  Measurements  after  Tests. 

Lay  the  broken  ends  of  the  bar  together  and  deter- 
mine the  increase  in  elongation  of  the  gauge  length. 
Measure  the  dimensions  of  the  fractured  area.  Deter- 
mine the  rate  of  descent  of  the  pulling  head  of  the  ma- 
chine. Describe  the  appearance  of  the  fracture  and 
determine  the  distance  from  the  extreme  gauge  point. 

V.   Calculations. 

Calculate  the  ultimate  strength. 

^„,.      ,      ,  ,       maximum  load 

Ultimate  strength  =  — r-. — ; 

original  area 

Calculate  the  yield  point. 

y.  , ,      .  , load  at  the  yield  point 

original  area 

Calculate  the  per  cent,  of  elongation  and  per  cent. 

of  contraction  of  area. 

Per  cent,  contraction  of  area 

original  area— area  of  neck      ^  ^^ 

=  — ;-7-n XlOO 

original  area 

By  reference  to  various  specifications  on  file  in  the 
laboratory  determine  the  kind  and  classification  of  the 
material  in  the  specimen. 

In  case  the  fracture  is  outside  the  middle  third  of  the 
gauge-length,  the  per  cent,  of  elongation  is  to  be  com- 
puted on  the  assumption  that  the  elongation  is  sym- 
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metrical  on  each  side  of  the  neck.    This  should  be  noted 
on  the  report. 

VI.  Report. 

Report  consists  in  filling  out  the  blank  form  supplied 
for  the  test  (except  as  indicated  by  the  instructor.) 

* 

Tension  Test  with  Heknino  Pocket  Begobdeb. 

Object.— To  determine  the  properties  of  material 
from  load-elongation  diagram  drawn  by  apparatus. 

Preparation.— Ascertain  magnification  of  the  lever 
in  the  apparatus.  Set  the  lever  stop  with  a  clearance 
of  0.03  inches.  Measure  and  lay  off  specimen  as  for  a 
regular  tension  experiment.  Place  the  test  bar  in  the 
wedges  of  the  machine  and  adjust  the  apparatus  under 
the  direction  of  the  instructor.  Wedges  must  be 
blocked  to  prevent  their  flying  out  upon  rupture  of  the 
specimen. 

Experiment.— ^\m  out  the  poise  by  steps  of  4,000 
pounds  and  allow  the  apparatus  to  draw  a  scale  of  loads 
on  the  card  up  to  50,000  pounds.  Apply  the  load  with 
the  intermediate  speed,  keeping  the  beam  floating  until 
the  specimen  is  broken.  Note  the  load  in  pounds  at  the 
yield  limit  and  the  maximum  limit. 

Computation.— ThQ  card  is  completed  by  drawing  the 
elongation  axis  through  the  zero  of  loads  and  at  right 
angles  to  the  load  axis,  and  also  a  straight  line  from  the 
rupture  point  perpendicular  to  the  elongation  axis. 

The  load  at  yield  limit  and  maximum  limit  are  scaled 
from  the  card  and  checked  by  observations  taken  during 
the  test.  The  per  cent,  of  elongation  obtained  by  the 
measurements  on  the  fractured  specimen  is  to  be 
checked  by  scaling  from  the  card.    The  work  of  defor- 
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mation  up  to  any  point  may  be  obtained  from  the  area 
in  square  inches  mider  the  curve  up  to  the  point  in 
question  by  multiplying  this  area  by  the  scale  value  in 
inch-pounds  of  each  square  inch  of  card.  This  product 
divided  by  the  volume  of  the  specimen  between  the 
gauge  points  will  be  the  ^  ^  rupture-work ' '  in  inch-pounds 
per  cubic  inch. 

Compare  the  value  of  resilience  by  the  card  with  the 
values  as  obtained  from  the  following  formulae : 

Elastic  Eesilience = -^ 

2E 

per  cent,  elongation  (T"  +  2T) 


Rupture-work  =  ^^^ 

^  300 

Where  y  and  T'  equal  the  stress  in  pounds  per 
square  inch  at  elastic  limit  and  maximum  load  respec- 
tively,  and  E  is  the  modulus  of  elasticity,  E  cannot 
generally  be  accurately  determined  from  the  card. 
(See  instructor  for  assumed  value.) 

N.  B.— Be  sure  to  record  on  the  data  sheet  the  serial 
number  of  the  specimen  before  placing  it  in  the  wedges 
of  the  machine.  Make  sure  that  the  magnification  of 
the  lever  is  taken  account  of  in  all  measurements  in- 
volving this  magnification.  The  beam  must  be  kept 
floating  throughout  the  experiment  even  after  the  max- 
imum load  has  been  reached. 

Tension  Test  with  Extensometeb. 

Object.-— lu  this  experiment  the  elastic  properties  of 
metals  in  tension  are  determined. 

ilfeifcorf.— Carefully  measure  and  prepare  each  spec- 
imen as  for  regular  tension  test  (note  the  serial  number 
on  the  specimen).    Grip  the  piece  in  the  wedges  by 
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applying  a  load  of  about  one  hundred  pounds  (the  ma- 
chine having  been  previously  balanced).  Apply  and 
adjust  the  extensometer,  and  (after  having  had  the  ap- 
paratus inspected  hy  the  instructor)  proceed  with  the 

test.    Apply  load  in  increments  of pounds  per 

square  inch  (an  increment  sufficient  to  produce  fifteen 
measurements  of  extension  up  to  the  elastic  limit)  and 
measure  the  total  elongation  at  each  load  increment. 

After  reaching  a  sudden  and  large  increase  in  elon- 
gation, remove  the  extensometer  and  apply  load  until 
specimen  is  ruptured.    Note  the  maximum  load. 

Cornputations.'—GoosiTaci  a  diagram  with  load  in 
pounds  per  square  inch  as  ordinates  and  elongation  in 
inches  per  inch  as  abscissae.  Draw  a  straight  line  aver- 
aging the  points  up  to  the  more  rapid  increase  in  elon- 
gation,  and,  tangent  to  the  straight  line,  draw  a  smooth 
curve  averaging  the  remaining  points.  Ordinarily,  the 
straight  line  of  plotted  points  will  not  pass  through 
the  origin.  Draw  through  the  origin  a  line  parallel 
to  the  straight  line  of  plotted  points.  This  line  repre- 
sents the  true  relation  between  stress  and  strain.  Mark 
the  elastic  limit  x  on  the  two  straight  lines  at  the  value 
of  the  ordinate  at  the  point  of  tangency  between  the 
straight  line  of  plotted  points  and  the  smooth  curve. 

The  modulus  of  elasticity  is  the  stress  in  pounds  per 
square  inch  divided  by  the  elongation  in  inches  per 
inch  at  any  point  on  the  straight  line  through  the  origin. 
It  is  most  convenient  to  select  an  abscissa  of  elonga- 
tion of  one  part  in  1,000,  and  multiply  the  corresponding 
stress  by  1,000  to  obtain  the  modulus  of  elasticity. 

The  modulus  of  elastic  resilience  is  the  amount  of 
work  done  on  each  cubic  inch  of  the  specimen  in  de- 
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forming  it  to  the  elastic  limit.  It  may  be  taken  as  the 
area  (in  inch-pounds)  nnder  the  straight  line  np  to 
elastic  limit;  or  it  may  be  calculated  by  the  formula 
^T^e"  where  T"  and  e"  are  the  stress  and  relative  elon- 
gation respectively  at  the  elastic  limit,  and  must  be 
measured  on  the  line  passing  through  the  origin. 

Per  cent,  of  elongation  and  of  reduction  of  area  are 
determined  as  in  the  simple  tension  test. 

Report. —The  report  will  consist  of  (1)  tension  test 
blanks  (furnished  by  instructor)  properly  filled  out,  (2) 
plotted  curves  with  titles  and  scales  shown,  (3)  ink 
copies  of  running  log. 

Mention  the  form  of  extensometer  used. 

Notes.— The  extensometers  are  delicate  instruments 
and  must  be  handled  carefully.  Any  roughness  of 
usage  or  lack  of  delicacy  in  manipulation  will  result  in 
unsatisfactory  diagrams.  Be  sure  that  the  test  bar  is 
straight. 

CoMPBEssioN  Test  of  Vabious  Matebials. 

The  purposes  of  this  experiment  are:  To  obtain 
knowledge  of  the  proper  methods  of  testing  materials 
in  compression ;  of  the  crushing  strength  of  such  mate- 
rials ;  and  of  the  characteristic  forms  of  fracture. 

Preliminary.— (1)  Before  testing  any  specimen  care- 
fully measure  its  height  and  cross  section. 

(2)  When  brick,  stone,  concrete,  or  cement  specimens 
are  to  be  tested  they  should  be  carefully  bedded  either 
with  blotting  paper  or  with  plaster  of  Paris.  To  bed 
a  specimen  with  plaster  of  Paris,  have  the  testing  ma- 
chine balanced,  and  the  head  down  so  far  that  it  will 
clear  the  specimen  only  about  one  inch  or  two.    Then 
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mix  up  some  plaster  of  Paris  and  water  to  a  very  thick, 
creamy  consistency.  Spread  a  thin  layer  of  this  on 
paper  placed  upon  the  spherical  bearing  of  the  machine 
and  cover  it  with  a  piece  of  tough  sized  paper,  npon 
which  the  specimen  should  then  be  placed.  The  paper 
is  to  keep  the  water  of  the  plaster  out  of  the  specimen. 
Upon  another  similar  piece  of  paper  a  similar  pad  of 
the  plaster  should  be  spread  covered  with  another 
piece  of  paper  to  form  a  pad,  and  the  pad  then  placed 
npon  the  specimen.  The  head  of  the  machine  should 
then  be  run  down  rapidly  until  it  presses  upon  the 
plaster  sufficiently  to  cause  it  to  flow,  thus  insuring  a 
good  bedding.  With  the  trowels  now  fill  up  all  the 
open  spaces  about  the  edges  of  the  sx>ecimen  near  the 
faces  of  the  machine.  After  letting  the  plaster  set  ten 
or  twelve  minutes,  the  specimen  is  ready  to  be  com- 
pressed. The  spherical  bearing  should  also  be  used. 
Have  the  work  inspected  by  the  instructor  before  pro- 
ceeding. 

In  the  case  of  other  materials  see  that  the  ends  of 
the  specimen  admit  of  a  good  even  bearing  in  the 
machine. 

The  Test.—JJsing  the  slowest  speed  available,  now 
compress  the  specimen,  meanwhile  keeping  the  scale 
beam  floating ;  and  watch  carefully  the  behavior  of  the 
specimen. 

Computation.'— Compute  the  stress  in  pounds  per 
square  inch  at  first  crack,  and  at  maximum  load. 

Report.— B^poTt  should  cover: 
Description  of  material.  Method  of  test. 

Size  of  material.  Results. 

Results.— hosid  and  crushing  strength  at  first  crack 
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and  at  maximum  load  or  failure.  Sketch  form  of  frac- 
ture. 

Comparison  of  results  with  standard  values.  (See 
instructor. ) 

COMPBESSION   OF   MaTEBIALB. 

(Using  Compressometer.) 
(See  also  instrtictions  6a.) 

Object.— In  addition  to  determining  the  maximum 
strength  in  compression^  as  in  other  compression  tests, 
it  is  intended  in  this  experiment  to  find  the  strength  at 
elastic  limit,  the  modulus  of  elasticity,  the  modulus  of 
elastic  resilience  and  total  rupture-work. 

Operations  in  Testing.— Proceed  as  in  other  compres- 
sion tests  except  that  the  load  is  applied  in  increments 

of pounds  (about  one  twentieth  of  the  probable 

maximum  load)  and  the  total  amount  of  compression  at 
each  increment  is  measured  by  a  compressometer.  (Use 
slowest  speed  of  the  machine.) 

C omputations. —Tlot  points  with  load  in  pounds  for 
ordinates  and  compression  in  inches  for  abscissae.  // 
possible  draw  a  straight  line  averaging  the  points  pre- 
ceding the  more  rapid  compression;  and,  tangent  to 
this  straight  line,  draw  a  smooth  curve  averaging  the 
remaining  i)oints.  (Consult  instructor  before  inking 
in  these  lines.)  Mark  the  points  of  maximum  load 
(which  latter  is  the  point  of  tangency  of  the  straight 
line  and  the  elastic  limit  smooth  curve)  by  x.  Then 
draw  a  line  through  the  origin  parallel  to  the  straight 
line  previously  drawn  through  the  plotted  points.  (Do 
not  continue  this  line  parallel  to  plotted  curve.)  Mark 
the  point  of  elastic  limit  on  corrected  line. 
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The  moduloB  of  elasticity  is  calculated  from  the 

PI 

formula  E^=  —  where  P  and  X  are  the  load  in  pounds 

Fa  ^ 

and  compression  in  inches  respectively,  for  any  point 
on  the  corrected  line ;  F  is  the  square  inches  of  cross- 
sectional  area  of  the  specimen,  and  I  is  the  gauge-length 
in  inches  of  the  specimen. 

The  moduli  of  elastic  resilience  and  of  rupture-work 
are  the  work  done  on  each  cubic  inch  of  material  in 
deforming  it  up  to  the  elastic  limit  and  ultimate  strength 
respectively.  These  moduli  may  be  obtained  from  the 
curve  of  plotted  points  by  multiplying  the  area  under 
the  curve  (up  to  the  point  considered)  by  the  scale  value 
of  each  unit  area  of  the  coordinate  paper,  and  dividing 
the  result  by  the  volume  of  the  specimen.  This  will  be 
the  modulus  of  elastic  resilience  or  the  rupture-work. 

Report.— The  report  will  contain  (1)  a  brief  and  clear 
statement  of  the  kind  and  condition  of  materials  tested, 
(2)  the  methods  of  applying  the  loads  and  measuring 
deformations,  (3)  any  peculiarity  in  the  behavior  of 
the  specimen,  and  (4)  a  comparison  of  the  properties  of 
the  material  as  obtained  from  the  test  with  values  re- 
corded in  reference  books,  etc.  The  character  and  form 
of  fracture  should  be  described  and  also  shown  by 
sketch. 

The  report  will  also  contain  a  tabulation  of  results. 

Flexubb  of  Wooden  Beams. 

The  purpose  of  the  experiment  are : 

1.  To  obtain  knowledge  of  strength  and  method  of 
failure  of  materials. 

2.  A  comparison  of  results  with  theoretical  laws  of 
flexure. 
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3.  Practice  in  computing  strength  of  beams. 

Preliminary.— Mhterisl  will  consist  of  three  sticks  of 
wood:  (a)  2x2x36  inches;  (b)  2x4x36  inches;  (c) 
2  X  2  X 18  inches. 

1.  Note  the  serial  numbers  or  marks  on  each  specimen. 

2.  Measure  and  weigh  each  specimen  and  count  the 
number  of  annual  rings  per  radial  inch. 

3.  Make  sketches  showing  end  views  with  direction  of 
annual  rings,  sap  and  heart  wood.  Note  any  defects 
such  as  knots,  season  checks,  crooked  grain,  rot,  etc. 

4.  Mark  the  center  lines  and  span  lengths. 

5.  Place  the  beam  upon  the  knife  edges,  using  steel 
strips  to  prevent  knife  edges  from  crushing  the  wood, 
and  rollers  to  prevent  chain  action.  Balance  the  ma- 
chine and  apply  a  small  initial  load  and  place  a  deflec- 
tometer  under  the  center  of  the  beam  or  else  hang  a 
special  deflectometer  on  pins  in  the  neutral  axis  over 
the  knife  edges.  For  a  considerable  deflection  a  wire 
stretched  between  these  pins  and  a  scale  attached  to 
the  beam  at  center  will  suffice.  Bring  wire  to  coincide 
with  its  image  in  scale  to  avoid  parallax. 

The  Test.— Compute  the  probable  breaking  load  and 
apply  this  in  about  twenty  increments  and  read  the 
total  deflection  at  each  increment.  If  care  is  exercised 
in  keeping  the  beam  balanced  near  point  of  failure,  it 
will  be  possible  to  get  the  correct  load  and  deflection  for 
failure  even  though  this  does  not  take  place  at  one  of 
the  regular  load  increments.  Note  the  nature  of  the 
failure  of  the  beam  and  sketch  the  failure. 

Working  up  the  Data.—  {1)  On  section  paper  plot 
points  using  load  in  pounds  for  ordinates  and  deflection 
in  inches  for  abscissae.    Use  a  separate  sheet  for  each 

(18) 
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curve.  Choose  scales  such  that  the  slope  of  the  diagram 
near  the  origin  shall  be  about  sixty  degrees.  E^ch  di- 
vision of  the  paper  must  represent  a  decimal  increment. 
Plot  each  point  plainly.  Draw  a  straight  line  aver- 
aging those  points  which  precede  the  more  rapid  in- 
crease in  deflection.  Tangent  to  this  line  draw  a  smooth 
curve  averaging  the  subsequent  points.  Mark  on  the 
curve  the  elastic  limit  and  the  load  at  failure,  t.  e.,  the 
maYimum  load.  If  the  straight  part  of  the  curve  does 
not  pass  throu^  the  origin,  draw  through  the  origin  a 
dotted  line  parallel  to  the  first.  This  line  will  repre- 
sent the  relation  between  the  load  and  corrected  deflec- 
tion. 

(2)  Compute  (a)  the  modulus  of  elasticity  E  by  use 
of  formula  4,  page  254,  Church's  Mechanics  of  Engi- 
neering (d  and  P  are  taken  from  any  point  on  the  cor- 
rected line),  (h)  R"j  the  fiber  stress  at  elastic  limit, 
(c)  jB,  the  fiber  stress  at  rupture,  {d)  ZJ",  the  modulus 
of  elastic  resilience,  (e)  U,  the  modulus  of  rupture- 
work.  To  compute  the  modulus  of  resilience  at  elastic 
limit  or  rupture,  divide  the  inch  pounds  of  work  done 
upon  the  beam  up  to  that  point  by  the  volume  in  cubic 
inches  of  the  part  between  the  supporting  knife  edges. 
Also  find  the  values  of  the  exponents  x,  y,  z  and  w  in  the 
following  equations 

tyy^lrj    Beams  of  equal  length. 

p"      /l\v 

-™  =«  I  =-'  J^  Beams  of  equal  depth. 

j~^  {t^Y  F^r  equal  loads  and  equal  lengths. 
^.(>)-Fore,«a.  loads  .«de,^dep«.s. 
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P7  and  P"  are  loads  at  elastic  limit. 

d  and  d,  must  not  be  taken  beyond  the  elastic  limit, 
and  must  be  taken  from  line  of  corrected  deflections. 

Compute  the  weight  per  cubic  foot  and  the  specific 
gravity,  assuming  that  the  per  cent,  of  moisture  on  the 
basis  of  dry  weight  is  12  per  cent. 

The  Report.— Gtive  a  brief  description  of  the  method 
of  conducting  the  experiment.  On  following  pages 
present  the  measurements,  etc.,  of  the  beams;  the 
sketches  of  cross  sections  and  fractures;  the  data  ob- 
tained; the  diagrams,  and  then  the  computed  result  in 
tabular  form. 

Experiments  in  Torsion. 

Object— The  object  of  this  experiment  is  to  study  the 
behavior  of  materials  under  torsion,  and  to  obtain  such 
data  as  will  enable  the  shearing  strength  of  the  mate- 
rial and  its  modulus  of  elasticity  in  shear  to  be  com- 
puted. 

Material.— The  material  is  to  be  supplied  by  the  in- 
structor, and  may  be  steel,  iron  or  wood,  or  other 
material. 

Preliminary.— Caretvllj  measure  the  dimensions  of 
the  cross  section  and  the  gauge  length.  Then  adjust 
the  specimen  in  the  heads  of  the  machine,  being  careful 
to  have  the  jaws  clamped  tightly  against  the  specimen, 
which  should  be  fixed  in  the  axis  of  rotation  of  the 
machine.  Then  apply  the  torsion  troptometer  to  the 
specimen  and  adjust  the  clamps  of  the  latter  so  that 
the  center  of  the  circle  of  the  graduated  arc  will  be  in 
the  axis  of  the  machine.    Apply  a  small  initial  moment 
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of  about  one  hundred  inch  pounds  and  set  to  zero  the 
graduated  arc,  and  also  the  permanent  scale  on  the 
twisting  head  of  the  machine. 

Experiment.^ Apply  the  loads  continuously  in  incre- 
ment of inch  pounds.    Bead  on  the  graduated  arc 

the  movement  of  the  pointer  in  inches  for  each  incre- 
ment. When  the  increase  in  the  angle  of  torsion  is 
found  to  be  rapid,  the  elastic  limit  having  been  reached, 
the  graduated  arc  and  index  should  be  removed. 

If  only  the  elastic  properties  of  materials  are  to  be 
determined  the  specimen  may  be  removed.  Ordinarily 
the  tests  are  to  be  continued  until  the  specimen  is  rup- 
tured. The  whole  angle  of  the  twist  is  read  from  the 
fixed  scale  on  the  movable  head  of  the  machine  and 
should  be  read  for  even  loads  above  the  elastic  limit. 
The  scale  should  be  kept  balanced  and  the  maximum 
load  determined. 

Computations. —Tlot  diagrams  to  suitable  scales  with 
the  twisting  moment  in  inch-pounds  as  ordinates  and 
the  angle  of  twist  in  degrees  as  abscissa.  One  of  these 
curves  will  be  drawn  with  the  magnified  abscissa  and 
will  show  the  points  up  to  the  elastic  limit.  The  other 
curves  will  be  on  a  small  scale  and  will  show  the  angle- 
moment  diagram  up  to  the  rupture.  As  in  other  ex- 
peiimentSy  the  straight  line  portion  in  the  beginning 
should  pass  through  the  origin.  If  it  does  not,  a  straight 
line  parallel  to  the  straight  line  passing  through  the 
plotted  x>oints  should  be  drawn  through  the  origin  and 
terminating  at  the  elastic  limit. 

Mark  the  points  corresponding  to  the  elastic  limit 
and  maximum  load  on  the  curve.     Compute  (1)  the 
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shearing  strength  developed  at  the  elastic  limit  and  the 
maximnm  load,  using  formula 

e 
Calculate  tiie  modulus  of  elasticity  in  shear  from  the 

formula 

^        aPs  Ip  * 
Pa=  ^ 

¥ 

Using  the  coordinates  of  any  point  on  the  corrected 
curve  of  the  magnified  scale. 

Compute  also  the  modulus  of  elastic  resilience  and 
the  modulus  of  rupture-work. 

iZeporf.— The  report  will  contain  (1)  a  brief  descrip- 
tion of  the  specimen  and  method  of  test,  (2)  a  tabulated 
statement  of  the  computed  and  observed  results  (rule 
a  form  to  suit  the  requirements),  (3)  a  description  of 
the  fractured  specimen,  (4)  plotted  curves  on  coordi- 
nate paper,  (5)  an  ink  copy  of  the  running  log  of  loads 
and  deformation. 

Instbuctions  fob  Testing  Cement. 
(Short  Course.) 

The  work  will  include  two  days  in  the  laboratory,  and 
during  this  time  the  student  will  determine  the  time  of 
setting,  the  fineness  on  No.  100  and  No.  80  sieve,  and 
the  strength  of  three  to  one  mortar  in  the  case  of  a 
standard  brand  of  Portland  cement. 

Time  of  Setting.— Mix.  up  neat  cement  with  enough 
water  to  render  a  paste  of  such  consistency  that  when 
placed  on  a  glass  plate  it  will  retain  its  form,  and  at 
the  same  time  by  striking  the  glass  against  the  hand 

*  See  Church's  Mechanics  of  Engineering. 
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the  paste  can  be  spread  out  without  cracking  on  the 
suface. 

Trowel  the  paste  on  the  glass  to  thin  edges,  and  set 
the  pat  thus  made  aside  in  a  damp  chamber,  and  ob- 
serve the  time  that  elapses  until  (1)  it  will  bear  the 
quarter  pound  standard  needle  without  appreciable  in- 
dentation; (2),  the  weight  of  the  one  pound  standard 
needle  without  appreciable  indentation. 

Tests  for  Strength.^Mix  up  the  mortar  consisting  of 

three  parts  standard  crushed  quartz  stone  and  one  part 

Portland  cement,  proportion  being  taken  by  weight. 

Mix  the  sand  and  cement  thoroughly  until  the  mixture 

presents  a  uniform  color.    Gauge  with  about  eight  per 

cent,  of  water  and  work  over  the  mixture  thoroughly 

about  six  times.    Tamp  in  molds  in  layers,  and  finish 

the  surface  of  the  briquette.    Record  the  initials  on 

one  corner  of  the  briquettes,  and  leave  the  briquettes 

in  the  molds.     They  will  be  taken  therefrom  by  the 

instructor  and  placed  under  water  after  twenty-four 

hours. 

Second  Day's  Work. 

At  the  laboratory  period  one  week  following,  the 
briquettes  are  to  be  taken  from  the  water  and  tested 
for  strength. 

Tests  for  Fineness  of  Grinding. Sift  about  four 
ounces  of  cement  through  No.  100  and  No.  80  sieve  and 
weigh  the  residue  left  on  the  sieves. 

The  Report.— "Eaoh  student  should  report  the  results 
of  the  tests  made  by  him  as  an  individual  to  determine 
the  fineness  of  grinding,  the  time  of  setting,  and  the 
strength  of  the  five  briquettes.  Reports  should  be 
made  on  blank  forms  provided  for  that  purpose. 

Special  instructions  are  issued  to  civil  engineers. 


AN  ELEMENTARY  COURSE  IN  PROPERTIES  OF 

MATERIALS. 

BY   GEORGE   L.    CHRISTENSEN, 

ABsistant  Professor  of  Mechanical  Engineering,  Michigan  College 

of  Mines. 

Instruction  in  the  properties  of  engineering  materials 
should  have  the  following  objects  in  view: 

1.  To  illustrate  the  behavior  of  materials  under 
stress. 

2.  To  establish  clear  and  definite  conceptions  as  to 
the  meaning  of  such  fundamental  terms  as  elastic  limit, 
yield  point,  ultimate  strength,  percentage  of  elongation, 
modulus  of  elasticity,  resilience. 

3.  To  familiarize  the  student  as  far  as  possible  with 
the  methods  by  which  materials  are  tested  to  obtain 
numerical  results  indicating  their  qualities. 

4.  To  fix  in  the  memory  a  few  of  the' average  numer- 
ical values  for  the  more  common  materials  such  as  cast 
iron,  wrought  iron,  steel,  timber,  stone  and  concrete; 
thus  establishing  a  very  convenient  mental  standard  of 
reference  for  the  more  detailed  study  of  these  and  kin- 
dred materials,  and  at  the  same  time  forming  the  basis 
for  that  ready  judgment  so  essential  to  the  engineer. 

5.  To  illustrate  the  use  of  these  numerical  values  in 
simple  problems  of  designing,  thus  associating  and 
connecting  the  material  itself,  and  the  mathematical 
considerations  involved,  and  laying  the  foundation  for 
that  habit  of  thought  which  must  ever  recognize  the 
material  in  its  various  strengths  and  elasticities,  in 
every  problem  of  design. 

(279) 
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6.  To  study  the  processes  of  manufacture,  in  so  far  as 
these  give  name  to  the  product  or  modify  its  qualities. 

7.  To  study  methods  of  protecting  and  preserving 
materials  under  conditions  of  use. 

The  class-room  instruction  should  be  fundamental, 
keeping  before  the  student  the  underlying  principles 
and  truths,  and  guiding  him  through  the  maze  of  exper- 
imental facts  to  habits  of  clear,  discerning,  indepen- 
dent thought;  the  laboratory,  a  means  of  illustration, 
going  hand  in  hand  with  the  class-room,  supplementing, 
reviewing,  clearing  up,  fixing  the  ideas.  It  is  the  pur- 
pose of  this  paper  to  outline  briefly  some  features  of 
the  instruction  in  this  subject  as  developed  at  the  Mich- 
igan College  of  Mines  under  the  increasing  influence  of 
this  idea  of  using  the  laboratory  as  a  means  of  illustra- 
tion in  conjunction  with  the  class-room  work.  The 
course  as  given  runs  through  twenty-three  weeks,  three 
recitations  of  fifty-five  minutes  each  per  week.  The 
text-book  is  Johnson's  **The  Materials  of  Construc- 
tion. * '  The  class,  numbering  sixty  students,  is  divided 
into  three  sections  of  twenty  each  for  recitations,  and 
each  of  these  sections  is  again  divided  into  two  labo- 
ratory divisions  of  ten  students  each,  making  in  all  six 
laboratory  divisions.  During  a  portion  of  the  course, 
the  first  recitation  period  of  each  week  is  set  aside  for  ' 

laboratory  illustration  work,  when,  instead  of  the  whole  ' 

section  meeting  in  the  class-room,  one  of  the  small  labo-  ! 

ratory  divisions  of  ten  students  meets  in  the  laboratory, 
the  other  division  taking  some  other  hour  of  the  same 
day.  With  this  organization  of  the  class  it  is  possible 
to  undertake  a  series  of  tests,  the  whole  class  being 
made  familiar  with  the  plan  and  scope,  but  each  labo- 
ratory division  doing  only  a  small  part  of  the  work. 
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Beginning  the  course,  the  first  week  is  devoted  to  a 
class-room  consideration  of  definition  of  terms  and  the 
behavior  of  materials  under  tensile  stress.  In  the 
laboratory  period  of  the  second  week,  tensile  tests  are 
made  of  two  specimens  both  cut  from  the  same  wrought 
iron  or  mild  steel  bar,  one  being  rough,  one  inch  in 
diameter,  and  the  other  turned  down  to  a  smaller  size 
(Fig.  1).  The  group  of  ten  students  gathers  around 
the  testing  machine— there  is  room  enough  for  all  to 
note  everything  that  takes  place— and  each  student  is 


Fig.  1. 

required  to  keep  full  records  just  as  though  he  were 
making  the  test  individually.  This  being  the  first  test, 
the  construction  and  operation  of  the  testing  machine 
is  explained.  The  rough  bar  is  tested  first.  It  is 
marked  off  in  the  presence  of  the  class,  with  punch 
marks  an  inch  apart,  and  placed  in  the  machine.  As 
the  test  proceeds,  attention  is  first  directed  to  the  detec- 
tion of  the  yield  point  by  noting  the  drop  of  the  beam, 
then  the  breaking  down  action  is  watched  as  shown  by 
the  loosening  of  the  mill  scale,  then  interest  centers  in 
the  rapid  stretching  of  the  bar,  readily  noted  with  a  pair 
of  dividers,  and  finally,  in  turn,  the  ultimate  load,  the 
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necking  down  action,  and  the  breakiog  load  are  noted. 
The  broken  specimen  is  passed  around,  it  is  handled 
and  examined.  They  note  that  it  is  warm.  They  see 
the  form  of  fracture  and  compare  it  with  that  of  spec- 
imens pictured  in  the  text-book.  The  diameter  of  the 
broken  section  is  measured,  and,  finally,  the  broken  ends 
are  placed  together  and  the  elongation  in  lengths  of 


2,  3,  4,  5,  6,  7  and  8  inches  is  measured  with  a  pair  of 
dividers,  always  keeping  the  broken  section  as  near  the 
middle  of  the  measured  length  as  possible.  The  test 
of  the  otlier  specimen  is  then  run  through  rapidly, 
noting  all  the  results  the  same  as  for  the  first.  A 
neatly-written  report  of  these  tests  with  computed  sig- 
nificant results,  and  a  diagram  (Fig.  2),  showing  the 
variation  in  percentage  of  elongation  when  based  upon 
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different  lengths,  is  required  as  a  part  of  the  next  les- 
son; and  the  broken  specimens  find  a  place  upon  the 
elass-roora  table  where  they  remain  within  easy  reach, 
to  be  appealed  to  most  effectively  in  many  a  class-room 
discussion  in  the  weeks  to  come.  These  simple  tests, 
readily  carried  out  within  the  limits  of  the  hour,  have 
kept  the  little  group  of  students  keen  with  interest, 
have  thrown  new  light  upon  many  points  discussed  in 
the  text,  have  appealed  to  the  eye,  the  ear,  and  the 
sense  of  touch  as  no  amount  of  class-room  discussion  ■ 


could;  and,  finally,  have  added  a  little  of  that  time 
element  often  necessary  to  the  full  comprehension  of 
a  new  subject. 

The  third  week  finds  the  class  considering  the  be- 
havior of  materials  under  compressive  stress.  Ac- 
cordingly, the  laboratory  period  is  devoted  to  tests  in 
compression  of  wrouglit  iron  and  mild  steel,  as  types 
of  ductile  materials  and  sandstone,  sand-lime  brick,  and 
east  iron  as  types  of  brittle  materials  (Fig.  3).  The 
wrought  iron  and  mild  steel  specimens  are  cut  from  the 
same  bars  as  the  tensile  specimens  (Fig.  1)  tested  the 
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previous  week,  thus  enabling  a  comparison  of  the  yield 
points  in  tension  and  compression. 

After  this  preliminary   study  of  definitions,  prin- 
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ciples  and  materials,  the  class  is  ready  for  the  more 
specific  consideration  of  each  material  by  itself.  It 
must  not  be  forgotten  in  this  connection  that  nearly  all 
our  computations  regarding  stresses  in  materials  are 
based  upon  the  principles  of  elasticity  with  stresses 
below  the  elastic  limit.  It  is  not  suflBcient,  then,  to 
consider  only  ultimate  strengths.  The  elastic  limit, 
and  the  more  or  less  perfect  elasticity  of  the  material, 
as  well  as  its  behavior  throughout  the  whole  range  of 
stress,  should  be  made  the  subject  of  careful  study. 
The  student  needs  to  be  brought  face  to  face  with  these 
principles  and  qualities,  again  and  again,  until  they 
become  a  part  of  his  unconscious  possession,  guiding 
his  judgment,  giving  form  to  his  expression. 

Timber  seems  to  offer  many  advantages  as  the  mate- 
rial first  to  be  considered.  It  is  one  of  the  most  com- 
mon materials  of  construction.  The  specimens  are 
easily  prepared  and  cheap.  The  deformations  under 
stress  are  relatively  great,  and,  therefore,  readily 
measured.  The  strengths  and  elasticities  vary  in  dif- 
ferent directions  with  reference  to  the  grain,  thus  re- 
quiring fuller  investigation  as  well  as  clear  ideas  as  to 
direction  of  stress.  The  strengths  are  subject  to  many 
variables,  and  yet,  by  controlling  these  variables,  or  by 
recognizing  their  presence,  consistent  and  highly  in- 
structive results  may  be  obtained. 

Beginning  the  subject  of  timber,  the  first  laboratory 
period  is  devoted  to  the  examination  of  the  minute 
structure  of  wood  as  revealed  by  the  microscope  in 
transverse,  radial  and  tangential  sections  of  the  com- 
mon hardwoods  and  softwoods ;  this  being  the  basis  for 
explaining  so  many  of  its  strength,  grain  and  shrinkage 
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properties.  For  the  strength  tests,  a  clear,  straight- 
grained,  well-seasoned,  white  pine  plank,  16  inches 
broad  and  1§  inches  thick,  having  a  little  sap-wood  in 
two  outer  comers,  was  used  (Fig.  4).  Specimens  from 
this  plank  were  tested  under  three  conditions  of  mois- 
ture, viz.:  **Dry,"  specimens  dried  over  a  boiler  one 
week;  ** Normal,"  specimens  tested  as  cut  from  the 
plank;  and  **Wet,"  specimens  kept  under  water  one 
week.  There  being  six  laboratory  divisions,  the  plank 
was  cut  so  as  to  give  six  endwise  compression  spec- 
imens in  its  width  (Fig.  4).  Thus,  specimens  Nos.  1 
Dry,  No.  7  Normal,  and  No.  13  Wet,  representing  the 
three  moisture  conditions,  and  all  from  similar  posi- 
tions with  respect  to  the  center  of  the  tree,  were  tested 
in  the  first  laboratory  division  (Fig.  5).  The  next  three 
specimens,  in  the  second  division  (Fig.  6),  and  so  on 
(Figs.  7,  8,  9  and  10).  These  three  tests,  with  full 
data  as  to  loads  and  shortenings,  were  easily  finished 
within  the  hour.  The  shortening  was  measured  with 
a  Brown  and  Sliarpe  test  indicator  as  shown  in  Fig. 

11.  This  instrument  reads  directlv  to  thousandths  of 
an  inch,  but  ten-thousandths  may  be  estimated  with 
fair  degree  of  accuracy.  The  method  of  measuring 
between  compression  blocks  proves  suflSciently  accurate 
if  a  small  initial  load  be  applied  before  taking  the  first 
reading. 

In  same  manner,  during  the  laboratory  periods  of 
the  following  two  weeks,  the  remainder  of  the  tests 
(Fig.  4),  consisting  of  across  grain  compression  (Figs. 

12,  13  and  14),  endwise  tension,  across  grain  tension, 
and  along  the  grain  shear,  were  completed;  each  stu- 
dent following  a  strip  of  the  plank  throughout  its  length 
through  all  these  tests. 
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All  the  results  were  now  tabulated  and  reported  to 
the  students  on  mimeographed  sheets  in  tlie  form  shown 
in  the  table.  These  results  were  then  plotted  by  the 
students  with  respect  to  position  of  the  test  specimens 
in  the  plank,  to  exhibit  more  clearly  the  variations  due 
to  difference  in  the  structure  of  the  wood  formed  at 
different  periods  of  the  tree's  growth  (Fig.  15).  On 
the  whole  these  results  are  consistent,  though  but  a 


single  specimen  represents  each  actual  condition,  and 
illustrate  quite  forcibly  some  of  the  variables  in  the 
strength  of  timber.  There  is  another  variable,  how- 
ever, which  must  be  recognized  before  results  like  these 
can  be  used  intelligently  in  designing,  and  that  is  the 
"time  effect."  The  strength  of  timber  for  permanent 
loads  is  only  about  fifty  to  sixty  per  rent,  of  these 
values;  or,  in  other  words,  the  ultimate  strength  of 
timber  for  a  permanent  load  is  the  same  as  the  elastic 
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limit  for  a  short-time  load.  This  may  be  illustrated  to 
some  extent  by  a  test  like  that  of  the  three  oak  spec- 
imens shown  in  Fig.  4  with  diagrams  in  Fig.  16.  This, 
of  course,  cannot  be  carried  out  before  the  class  on  ac- 
count of  the  long  time  required,  but,  if  explained  in 
object  and  plan,  and  kept  going  during  the  week,  will 
arouse  much  interest  and  discussion.  The  underlying 
motive  in  all  this  testing  in  connection  with  the  class- 


room work  should  be  to  arouse  the  student,  to  make  him 
see  facts  and  relations  clearly,  to  make  him  think.  To 
this  end  also  some  simple  problems  in  designing  may 
be  introduced  from  time  to  time,  illustrating  the  prac- 
tical use  to  be  made  of  these  test  results.  For  instance, 
following  the  timber  tests,  the  des^ign  of  a  low  railroad 
trestle  proves  both  interesting  and  instructive,  requir- 
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Results  of  Tests  of  White  Pine — Sebies  B — Propebties  of 

Matebials,  1004. 
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ing  as  it  does  a  discussion  of  factors  of  safety  and 
allowances  to  be  made  for  knots,  seasoning  checks  and 
decay. 

Now  taking  ap  tlie  different  materials  as  cast  iron, 
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wrought  iron,  steel,  in  turn,  it  will  be  found  the  text- 
book can  be  used  much  more  effectively.  Every  stu- 
dent now  has  some  experience  to  be  appealed  to,  and 
he  is  gradually  beginning  to  think  and  express  himself 
in  the  technical  terms  of  strength  and  elasticity.  Tests 
are  now  made  only  to  illustrate  some  new  method  of 
testing  or  some  peculiar  property.  Thus,  a  complete 
tensile  test  is  made  on  a  finished  specimen  of  steel,  using 
an  electric  contact  micrometer  (Fig.  17).     The  broken 
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Fig.  18. 

ends  of  the  steel  or  wrought  iron  specimens  tested  early 
in  the  course  (Fig.  1),  are  retested  to  show  the  increase 
in  strength  due  to  rest  after  cold-working.  A  torsion 
test  on  steel  is  made  with  the  Thurston  Autographic 
machine  (Fig.  18a),  another  test  on  a  specimen  from 
the  same  bar  to  show  the  exaltation  of  the  elastic  limit 
(Fig.  18b),  and  a  third  (Fig.  18c),  to  show  that  the 
elastic  field  is  fairly  constant,  and  that  raising  the  elas- 
tic limit  in  one  direction  reduces  it  in  the  other. 
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Discussion. 
OF  Papebs  by  Pbofessobs  Hatt  and  Chbistensen. 

Pbofessob  H.  Wade  Hibbabd:  There  is  one  criticism 
that  it  seems  to  me  might  be  made^  which  criticism  is 
directed  at  the  methods  which  have  been  necessitated, 
perhaps,  by  the  increase  in  the  numbers  of  students 
taking  laboratory  courses  of  this  sort. 

I  know  we  shall  all  remember  the  presidential  address 
this  evening,  and  I  hope  that  we  shall  give  particular 
remembrance  to  the  thoughts  that  Dr.  Dudley  brought 
out  with  regard  to  real  education.  It  seems  to  me  that 
in  the  multiplicity  of  experiments,  in  the  desire  on  the 
part  of  the  experimental  laboratories  to  get  a  large 
number  of  experiments,  somewhat  varied,  in  the  blank 
forms  and  careful  directions,  that  the  principle  of  edu- 
cation—real education— may  be  somewhat  obscured. 
This,  according  to  our  President,  is  not  the  pumping 
into  the  student's  mind  of  a  large  amount  of  informa- 
tion, but  the  leading  out  from  that  student 's  mind,  cul- 
tivating in  that  student's  mind  the  ability  to  reason 
for  himself,  to  be  ingenious  and  to  plan  for  himself,  and 
scheme  out  his  methods  for  making  experiments  him- 
self. That,  of  course,  means  that  not  so  many  experi- 
ments can  be  performed  by  students,  but  what  they  do 
perform  they  get  in  a  fashion  that  gives  them  educa- 
tion in  experimental  methods,  and  in  the  ways  of  think- 
ing as  testing  engineers. 

Pbofessob  W.  F.  M.  Goss:  The  modem  engineering 
laboratory  contains  apparatus  of  many  different  kinds. 
It  has  its  steam  engines,  internal  combustion  engine, 
hydraulic  apparatus  and  its  machinery  for  testing  ma- 
terials.   As  I  have  followed  the  work  of  students  along 

(20) 
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these  different  lines  in  a  fairly  busy  laboratory,  I  have 
often  been  impressed  with  the  fact  that  among  them 
all  none  so  well  satisfy  the  requirements  for  the  devel- 
opment of  yonng  men  as  the  material  testing.  Work 
along  this  line  lends  itself  most  readily  to  the  instmc- 
tion  of  stndents.  In  the  department  of  testing  mate- 
rials we  are  not  liable  to  fall  into  those  errors  to  which 
Professor  Hibbard  has  referred.  I  am  sure  it  is  true 
that  in  all  well-regulated  laboratories  the  stndents  in 
tills  department  gather  inspiration,  their  intellectual 
processes  are  quickened,  they  see  purpose  in  the  meth- 
ods employed,  and  the  working  out  of  natural  conse- 
quences in  the  results  obtained.  The  whole  tendency 
of  the  work  is  to  arouse  interest  or  enthusiasm. 

I  wish  most  heartily  to  commend  the  thorough  man- 
ner in  which  the  courses  described  have  been  system- 
atized. 

Mr.  WHiUAM  Metcau:  The  thought  that  entered 
my  mind  just  now  in  connection  with  the  education  of 
the  engineer  is  the  one  prominently  brought;  forth  in 
the  president's  address,  and  that  is,  the  importance  of 
teaching  a  student  to  think.  I  think  that  is  all  that 
education  is  worth.  I  want  to  say  a  word  here  now 
that  may  seem  proud,  but  1  want  to  say  a  word  for  my 
alma  mater.  The  one  particular  characteristic  of  that 
school  throughout  the  whole  course  was,  in  my  day, 
and  I  believe  practically  is  now,  that  the  student  was 
taught  only  one  thing  at  a  time.  He  didn't  have  two 
hours  a  week  at  this,  two  hours  a  week  at  that,  and  two 
hours  a  week  at  another  subject,  and  was  not  fed  on 
mental  hash  all  the  way  through  so  that  at  the  end  he 
would  know  everything;  but  every  day  and  every  week 
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just  one  plain  simple  thing  until  he  got  through  with 
that  subject.  The  result  was  said  to  be  tiresome  by 
critics  of  the  school.  It  was  nothing  of  the  kind« 
There  was  a  little  study  in  the  morning,  a  little  scientific 
recreation  in  the  afternoon— the  afternoon  always 
given  to  some  practical  work,  some  laboratory  work, 
drawing,  etc.,  sufficient  to  teach  the  student  at  least  the 
fundamentals  of  the  tools  he  had  to  work  with.  He 
was  always  at  one  subject  until  he  got  through,  and 
when  he  got  through  with  it  he  generally  knew  it  pretty 
well. 

Pbofessob  Mansfield  Mebbiman  :  In  listening  to  these 
very  interesting  discussions  regarding  the  conduct  of 
laboratory  work,  I  have  been  impressed  with  the  large 
amount  of  labor  spent  by  instructors  to  systematize 
the  work  and  prepare  the  necessary  plans  in  order  that 
the  student  may  derive  benefit  from  them.  It  may, 
indeed,  be  thought  by  some  that  in  many  instances  the 
greater  part  of  the  mental  work  is  done  by  the  instruc- 
tor and  that  there  is  not  much  left  for  the  student. 
There  are  blanks  for  every  stage  of  the  work,  and  it  is 
sometimes  carried  so  far  that  there  is  a  blank  at  one 
machine  on  pink  paper  and  at  another  machine  on 
brown  paper.  On  each  piece  of  paper  there  are  lines 
half -printed  and  the  students  regards  it  as  an  academic 
exercise  to  fill  out  the  dotted  portions.  This  is  prob- 
ably an  extreme  view  to  take  of  the  matter.  If  the 
student  should  come  into  the  laboratory  with  the  old- 
fashioned,  small  engineer's  field  book  with  horizontal 
and  vertical  lines  on  opposite  pages,  and  be  required  to 
take  down  notes  from  the  experiments  and  bring  in  the 
next  day  his  own  report  in  the  way  he  thinks  it  ought 
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to  be  arranged,  it  imght  be  more  advantageous  to  him 
in  developing  his  power  of  thought.  In  large  classes, 
however,  such  a  plan  would  be  impracticable,  and  it 
may  be  said  in  favor  of  carefully  prepared  blanks  that 
they  give  training  in  system  and  order.  The  papers 
that  have  been  read  hence  present  excellent  solutions 
of  the  problems  forced  upon  us  in  handling  large  num- 
bers of  students,  and  it  must  be  said  that  great  credit 
is  due  to  instructors  in  laboratory  work  for  the  sys- 
tematic methods  which  they  are  developing. 

Peofbssoe  Gaetano  Lanza:  Only  two  of  the  matters 
mentioned  in  the  interesting  and  valuable  paper  of 
Professor  Hatt  will  be  referred  to  here.  First,  every 
competent  teacher  must  constantly  put  forth  his  best 
efforts  to  make  the  students  think  for  themselves,  and 
the  more  completely  he  can  accomplish  this  object,  the 
greater  will  be  the  success  attendant  upon  his  teaching; 
as  the  student  who  only  memorizes  and  does  not  think, 
is  not  competent  to  undertake  the  solution  of  such  new 
problems  as  are  constantly  liable  to  arise  in  the  practice 
of  his  profession.  Second,  the  object  of  a  graduating 
thesis  is,  to  my  mind,  to  teach  the  student  how  to  make 
investigation.  I  prefer  that  the  student  should,  if  fea- 
sible, select  the  subject  himself,  the  professor,  of  course, 
advising  him,  and  not  allowing  him  to  take  up  a  subject 
in  which  it  is  not  possible  for  him  to  do  good  work. 
Then  a  student  should,  with  the  advice  of  the  professor, 
map  out  a  plan  for  carrying  on  the  investigation,  which, 
again,  the  professor  should  pass  upon,  and  when  the 
plan  is  properly  arranged  the  student  should  perform 
the  work. 

Mb.  Bradley  Stoughton  :  One  thing  which  you,  Mr. 
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President,  have  so  well  said  at  this  meeting  already, 
interested  me  very  greatly,  and  I  desire  to  refer  to  it 
again.  That  is,  the  propriety  of  studying,  not  the 
details  of  any  practice,  but  the  principles  upon  which 
that  practice  rests.  It  seems  to  me  that,  in  this  way, 
we  should  find  a  solution  of  the  various  questions  we 
have  been  discussing  here  this  evening.  A  student 
mind  is  a  limited  vessel,  and  if  one  tries  to  fill  it  too  full, 
and  especially  too  full  of  details,  it  begins  to  spill  and 
leak  very  fast,  so  that  the  amount  of  knowledge  which 
escapes  is  altogether  disproportionate  to  the  amount 
which  remains.  In  our  over-crowded  laboratories  it  is 
a  great  temptation  to  adopt  printed  laboratory  blanks, 
routine  methods  of  instruction  and  systems  which 
enable  us  to  put  a  number  of  students  through  the 
motions  of  many  tests  in  a  limited  time.  But  is  this 
the  best  method  of  concentrating  their  attention  on  the 
principles  which  we  desire  them  to  absorb  t  True,  they 
become  momentarily  acquainted  with  many  details, 
some  of  the  least  important  of  which  are  repeated  sev- 
eral times,  but  it  gives  them  neither  the  encouragement 
nor  the  time  for  independent  thought  which  alone  im- 
presses them  with  the  underlying  principles  of  their 
occupation,  but  which  almost  every  man  finds  at  first 
both  tedious  and  unattractive. 

Peofbssob  William  Kent:  We  have  heard  a  good 
deal  lately  of  teaching  principles  and  not  details.  In 
order  to  get  a  correct  knowledge  of  principles  close 
attention  should  be  given  to  details.  One  of  my  stu- 
dents had  a  knowledge  of  the  principles  of  the  connect- 
ing rod,  but  about  the  details  all  he  knew  was  that  it  is 
a  bar  with  two  holes  in  it.    He  didn't  know  anything 
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about  the  strap,  key,  the  shape  or  thickness, 
powers  of  observation  or  his  habit  of  attention  to  de- 
tails had  not  been  cultivated  enough.  What  he  needed 
was  more  knowledge  of  details,  as  a  foundation  for  his 
knowledge  of  principles. 

Our  professor  of  electrical  engineering  recently  com- 
plained that  his  junior  students  had  not  been  sufficiently 
grounded  in  the  fundamentals  of  electricity,  informa- 
tion which  they  ought  to  get  in  the  sophomore  year. 
I  told  him  to  write  out  fifteen  or  twenty  questions  cov- 
ering the  points  in  electrical  physics  which  every  stu- 
dent ought  to  be  able  to  pass  one  hundred  per  cent,  on 
before  he  comes  into  the  junior  class.  He  wrote  out 
the  questions  covering  aU  the  information  a  man  actuaUy 
needed  before  entering  the  junior  work,  and  there  is 
no  reason  why  every  one  of  these  questions  ought  not 
have  been  answered  one  hundred  per  cent.  They  were 
the  fundamentals  and  went  into  details  all  right.  The 
professor  of  physics  was  glad  to  have  the  list  of  ques- 
tions and  asked  me  to  give  him  fifteen  or  twenty  ques- 
tions on  heat,  the  answers  to  which  should  be  known 
thoroughly  by  every  junior  student  in  mechanical  engi- 
neering. Physics  should  be  taught  with  reference  to 
its  application  in  engineering  work,  and  the  same  might 
be  said  of  other  fundamental  studies,  such  as  mathe- 
matics and  even  English. 

Peofessoe  W.  K.  Hatt  (by  letter) :  Every  one  agrees 
that  every  eJBfort  should  be  used  to  prevent  an  imthink- 
ing  performance  of  work  on  the  part  of  students,  and, 
if  necessary,  even  efficiency  of  administration  and  the 
inculcation  of  method  should  be  sacrificed  to  this  end. 
In  the  paper  of  the  speaker  certain  practices  are  de- 
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scribed  which  lead  the  student  to  a  thinking  considera- 
tion of  his  work.  It  is  also  tme  that  by  properiy  pre- 
pared instruction  sheets  describing  manipnlation,  etc., 
the  instructor's  time  can  be  given  to  the  desired  end, 
and  by  properly  prepared  blank  forms  the  student  is 
relieved  of  purely  clerical  work  and  his  time  can  be 
devoted  to  the  thing  in  hand.  It  is  in  favor  of  the  use 
of  proper  forms,  that  it  is  part  of  the  duty  of  the  in- 
structor to  inculcate  system  and  good  habits  with  re- 
spect to  recording  data.  All  this  general  discussion 
which  has  followed  the  paper  is  of  interest  but  scarcely 
touches  the  point.  The  problem  of  the  paper  is  one  of 
meeting  practical  conditions  of  administration  of  a 
course  so  that  the  largest  use  of  the  equipment  may  be 
obtained  without  allowing  the  work  to  degenerate  to  a 
mere  mechanical  performance. 


PLAN  AND  SCOPE  OF  THE  PROPOSED  INVESTI- 
CATIONS  OF  STRUCTURAL  MATERIALS 
UNDER  THE  AUSPICES  OF  THE 
UNITED  STATES  GEOLOG- 
ICAL SURVEY. 

BY  J.   A.   HOLMES   AND   RICHABD   L.   HUMPHREY. 

The  United  States  Geological  Survey  for  many  years 
has  been  carrying  on  investigations  of  the  natural  re- 
sources of  this  country.  Bequests  have  been  coming, 
with  increasing  frequency,  from  engineers  throughout 
the  country  for  information  regarding  the  properties 
of  the  materials  of  construction  manufactured  from 
these  raw  products. 

In  order  to  supply  the  needs  and  bring  the  work  more 
directly  in  touch  of  the  engineer,  a  new  department 
under  the  title  of  technology  and  metallurgy  has  been 
organized,  and  the  first  illustration  of  its  operation  was 
in  connection  with  the  investigation  of  Fuels,  which 
was  inaugurated  during  the  past  year  as  one  of  the 
United  States  Government  Exhibits  of  the  Mines  and 
Metallurgy  Department  of  the  Louisiana  Purchase 
Exposition. 

It  was  organized  on  what  might  be  called  a  small 
commercial  basis,  250  H.P.,  for  which  Congress  appro- 
priated on  April  28,  1904,  and  available  until  June  30, 
1905,  $60,000,  with  a  proviso  that  it  should  be  used  for 
analyzing  and  testing  coals  and  lignites  of  the  United 
States,  to  determine  the  most  economical  method  for 
their  utilization,  but  stipulating  that  all  the  testing  ma- 
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chinery  and  all  of  the  coal  and  lignites  to  be  tested, 
should  be  furnished  to  the  government  free  of  charge. 

Considerable  delay  in  equipping  the  plant  was  occa- 
sioned by  these  provisions,  as  it  was  necessary  to  induce 
a  large  number  of  manufacturers  to  incur  the  expense 
of  providing  the  equipment  necessary  to  carry  on  the 
work.  Labor  strikes  at  some  of  the  factories  supplying 
the  equipment  occasioned  a  still  further  delay,  and  the 
plant  was  not  put  in  operation  until  September  1, 1904. 

The  railroad  companies  entering  St.  Louis,  or  having 
coal  resources  along  their  lines  have  cooperated  most 
heartily  in  these  investigations,  a  preliminary  report 
of  which  may  be  obtained  upon  application  to  the  direc- 
tor of  the  United  States  Geological  Surviey. 

This  exhibit  and  the  Collective  Portland  Cement 
Exhibit  and  Model  Testing  Laboratory  of  the  Associa- 
tion of  American  Portland  Cement  Manufacturers, 
which  is  fully  described  in  the  paper  on  the  subject,  by 
Mr.  Bichard  L.  Humphrey,  formed  two  very  interest- 
ing features  of  the  exposition.  They  were  working 
exhibits  and  accomplished  much  good  in  an  educational 
way,  besides  yielding  valuable  data  relative  to  fuels  and 
the  various  building  sands  and  gravels  of  this  country, 
and  were  supported  with  funds  available  only  for  the 
period  of  the  exposition. 

The  important  results  obtained  and  to  be  pecured 
through  a  continuance  of  the  work  led  to  an  earnest 
appeal  to  Congress  on  the  part  of  those  interested  in 
the  work  which  resulted  in  a  liberal  appropriation  for 
the  continuance  of  the  investigation  of  fuels  and  struc- 
tural materials  on  a  much  more  extensive  plan.  With 
the^  appropriation  for  structural  materials  which  be- 

(21) 
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properties.  For  the  strength  tests,  a  clear,  straight- 
grained,  well-seasoned,  white  pine  plank,  16  inches 
broad  and  1§  inches  thick,  having  a  little  sap-wood  in 
two  outer  comers,  was  used  (Fig.  4).  Specimens  from 
this  plank  were  tested  under  three  conditions  of  mois- 
ture, viz.:  ''Dry,"  specimens  dried  over  a  boiler  one 
week;  ''Normal,"  specimens  tested  as  cut  from  the 
plank;  and  "Wet,"  specimens  kept  under  water  one 
week.  There  being  six  laboratory  divisions,  the  plank 
was  cut  so  as  to  give  six  endwise  compression  spec- 
imens in  its  width  (Fig.  4).  Thus,  specimens  Nos.  1 
Dry,  No.  7  Normal,  and  No.  13  Wet,  representing  the 
three  moisture  conditions,  and  all  from  similar  posi- 
tions with  respect  to  the  center  of  the  tree,  were  tested 
in  the  first  laboratory  division  (Fig.  5) .  The  next  three 
specimens,  in  the  second  division  (Fig.  6),  and  so  on 
(Figs.  7,  8,  9  and  10).  These  three  tests,  with  full 
data  as  to  loads  and  shortenings,  were  easily  finished 
within  the  hour.  The  shortening  was  measured  with 
a  Brown  and  Sharpe  test  indicator  as  shown  in  Fig. 

11.  This  instrument  reads  directly  to  thousandths  of 
an  inch,  but  ten-thousandths  may  be  estimated  with 
fair  degree  of  accuracy.  The  method  of  measuring 
between  compression  blocks  proves  sufficiently  accurate 
if  a  small  initial  load  be  applied  before  taking  the  first 
reading. 

In  same  manner,  during  the  laboratory  periods  of 
the  following  two  weeks,  the  remainder  of  the  tests 
(Fig.  4),  consisting  of  across  grain  compression  (Figs. 

12,  13  and  14),  endwise  tension,  across  grain  tension, 
and  along  the  grain  shear,  were  completed;  each  stu- 
dent following  a  strip  of  the  plank  throughout  its  length 
through  all  these  tests. 
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Results  of  Tests  of  White  Pixe — Sebies  B — Propebties  of 

Materials,  1004. 

Endwise  Compression. 
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Across  Grain  Compression. 
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APPENDIX. 

LABORATORIES  FOR  TESTING  STRUCTURAL 
MATERIALS,  UNITED  STATES  GEOLOG- 
ICAL SURVEY,  ST.  LOUIS,  MO. 

Cemekts,  Mobtabs  and  Concretes. 

Scope  of  the  Investigations  to  he  Conducted  During 
the  Fiscal  Year  Ending  June  30th,  1906. 

I.  Examination  of  Constituent  Materials. Sands j 
gravels,  stone,  stone  screenings,  slags,  cinders,  etc.,  to 
be  collected  by  a  special  representative  of  the  Testing 
Laboratory  sent  out  for  that  purpose. 

A.  Examination  op  Deposit 

as  to  the  extent  and  nature  of  the  material  from 
which  the  samples  are  collected. 

B.  Physical  Tests  in  the  Laboratoby: 

1.  Mineralogical  examination, 

2.  Specific  gravity, 

3.  Weight  per  cubic  foot, 

4.  Sifting  (granularmetric  composition), 

5.  Percentage  of  silt  and  character  of  same, 

6.  Percentage  of  voids, 

7.  Character  of  stone  as  to  percentage  of  ab- 

sorption, porosity,  permeability,  compres- 
sive strength  and  behavior  under  treat- 
ment. 

C.  Chemical  Analysis 

as  to  the  character  of  the  stone,  silt,  etc.,  used 
in  these  tests. 
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signs  of  distortion,  checking^  cracking  or  disin- 
tegration. 
The  cement  shall  contain  not  more  than  1.75  per 
cent  anhydrous  sulphuric  acid  or  more  than  4 
per  cent  magnesium  oxide. 
A  test  of  the  neat  cement  must  be  made  with  each 
mortar  series  for  comparison  of  the  quality  of 
the  typical  Portland  cement. 
A.  Physical  Tests  in  Laboratory: 

1.  Tensile  strength  with  one  part  cement  to  varying 

percentages  of  material  under  test  for  7,  28, 
90, 180  and  360  days ; 

2.  Compressive  strength  with  one  part  cement  to 

varying  percentages  of  materials  under  test 
for  7,  28,  90, 180  and  360  days ; 

3.  Transverse  strength  with  one  part  cement  to 

varying  percentages  of  material  under  test  for 
7,  28,  90, 180  and  360  days ; 

4.  Yield  in  mortar ; 

5.  Tensile  strength  with  cement,  material  sieved  to 

one  size,  7,  28,  90, 180  and  360  days ; 

6.  Compressive   strength  with   cement,   material 

sieved  to  one  size,  7,  28,  90, 180  and  360  days ; 

7.  Transverse    strength    with    cement,    material 

sieved  to  one  size,  7,  28,  90, 180  and  360  days ; 

8.  Porosity; 

9.  Permeability. 

III.  Tests  of  concrete  made  with  stone,  stone  screen- 
ings, gravel,  sand,  cinder,  slags,  etc. : 
A.  Physical  Tests  in  Laboratory: 
1.  Tensile  strength  with  different  mixtures  as  to 
proportion  and  size  of  the  aggregates  for  30, 
90, 180  and  360  days. 
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Discussion. 
OF  Papebs  by  Pbofessobs  Hatt  and  Chbistensen. 

Pbofessob  H.  Wade  Hibbabd  :  There  is  one  criticism 
that  it  seems  to  me  might  be  made,  which  criticism  is 
directed  at  the  methods  which  have  been  necessitated, 
perhaps,  by  the  increase  in  the  numbers  of  stndent49 
taking  laboratory  courses  of  this  sort. 

I  know  we  shall  all  remember  the  presidential  address 
this  evening,  and  I  hope  that  we  shall  give  particular 
remembrance  to  the  thoughts  that  Dr.  Dudley  brought 
out  with  regard  to  real  education.  It  seems  to  me  that 
in  the  multiplicity  of  experiments,  in  the  desire  on  the 
part  of  the  experimental  laboratories  to  get  a  large 
number  of  experiments,  somewhat  varied,  in  the  blank 
forms  and  careful  directions,  that  the  principle  of  edu- 
cation—real education— may  be  somewhat  obscured. 
This,  according  to  our  President,  is  not  the  pumping 
into  the  student's  mind  of  a  large  amount  of  informa- 
tion, but  the  leading  out  from  that  student's  mind,  cul- 
tivating in  that  student's  mind  the  ability  to  reason 
for  himself,  to  be  ingenious  and  to  plan  for  himself,  and 
scheme  out  his  methods  for  making  experiments  him- 
self. That,  of  course,  means  that  not  so  many  experi- 
ments can  be  performed  by  students,  but  what  they  do 
perform  they  get  in  a  fashion  that  gives  them  educa- 
tion in  experimental  methods,  and  in  the  ways  of  think- 
ing as  testing  engineers. 

Pbofessob  W.  F.  M.  Goss:  The  modem  engineering 
laboratory  contains  apparatus  of  many  different  kinds. 
It  has  its  steam  engines,  internal  combustion  engine, 
hydraulic  apparatus  and  its  machinery  for  testing  ma- 
terials.   As  I  have  followed  the  work  of  students  along 
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these  different  lines  in  a  fairly  busy  laboratory,  I  have 
often  been  impressed  with  the  fact  that  among  them 
all  none  so  well  satisfy  the  requirements  for  the  devel- 
opment of  yonng  men  as  the  material  testing.  Work 
along  Ihis  line  lends  itself  most  readily  to  the  instruc- 
tion of  students.  In  the  department  of  testing  mate- 
rials we  are  not  liable  to  fall  into  those  errors  to  which 
Professor  Hibbard  has  referred.  I  am  sure  it  is  true 
that  in  all  well-regulated  laboratories  the  students  in 
this  department  gather  inspiration,  their  intellectual 
processes  are  quickened,  they  see  purpose  in  the  meth- 
ods employed,  and  the  working  out  of  natural  conse- 
quences in  the  results  obtained.  The  whole  tendency 
of  the  work  is  to  arouse  interest  or  enthusiasm. 

I  wish  most  heartily  to  commend  the  thorough  man- 
ner in  which  the  courses  described  have  been  system- 
atized. 

Mb.  Wiloam  Metcalf:  The  thought  that  entered 
my  mind  just  now  in  connection  with  the  education  of 
the  engineer  is  the  one  prominently  brought  forth  in 
the  president's  address,  and  that  is,  the  importance  of 
teaching  a  student  to  think.  I  think  that  is  all  that 
education  is  worth.  I  want  to  say  a  word  here  now 
that  may  seem  proud,  but  I  want  to  say  a  word  for  my 
alma  mater.  The  one  particular  characteristic  of  that 
school  throughout  the  whole  course  was,  in  my  day, 
and  I  believe  practically  is  now,  that  the  student  was 
taught  only  one  thing  at  a  time.  He  didn't  have  two 
hours  a  week  at  this,  two  hours  a  week  at  that,  and  two 
hours  a  week  at  another  subject,  and  was  not  fed  on 
mental  hash  all  the  way  through  so  that  at  the  end  he 
would  know  everything ;  but  every  day  and  every  week 
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just  one  plain  simple  thing  until  he  got  through  with 
that  subject.  The  result  was  said  to  be  tiresome  by 
critics  of  the  school.  It  was  nothing  of  the  kind. 
There  was  a  little  study  in  the  morning,  a  little  scientific 
recreation  in  the  afternoon— the  afternoon  always 
given  to  some  practical  work,  some  laboratory  work, 
drawing,  etc.,  sufficient  to  teach  the  student  at  least  the 
fundamentals  of  the  tools  he  had  to  work  with.  He 
was  always  at  one  subject  until  he  got  through,  and 
when  he  got  through  with  it  he  generally  knew  it  pretty 
well. 

Pbofessob  Mansfield  Mebbiman  :  In  listening  to  these 
very  interesting  discussions  regarding  the  conduct  of 
laboratory  work,  I  have  been  impressed  with  the  large 
amount  of  labor  spent  by  instructors  to  systematize 
the  work  and  prepare  the  necessary  plans  in  order  that 
the  student  may  derive  benefit  from  them.  It  may, 
indeed,  be  thought  by  some  that  in  many  instances  the 
greater  part  of  the  mental  work  is  done  by  the  instruc- 
tor and  that  there  is  not  much  left  for  the  student. 
There  are  blanks  for  every  stage  of  the  work,  and  it  is 
sometimes  carried  so  far  that  there  is  a  blank  at  one 
machine  on  pink  paper  and  at  another  machine  on 
brown  paper.  On  each  piece  of  paper  there  are  lines 
half -printed  and  the  students  regards  it  as  an  academic 
exercise  to  fill  out  the  dotted  portions.  This  is  prob- 
ably an  extreme  view  to  take  of  the  matter.  If  the 
student  should  come  into  the  laboratory  with  the  old- 
fashioned,  small  engineer's  field  book  with  horizontal 
and  vertical  lines  on  opposite  pages,  and  be  required  to 
take  down  notes  from  the  experiments  and  bring  in  the 
next  day  his  own  report  in  the  way  he  thinks  it  ought 
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the  paste  can  be  spread  out  without  cracking  on  the 
suface. 

Trowel  the  paste  on  the  glass  to  thin  edges,  and  set 
the  pat  thus  made  aside  in  a  damp  chamber,  and  ob- 
serve the  time  that  elapses  until  (1)  it  will  bear  the 
quarter  pound  standard  needle  without  appreciable  in- 
dentation; (2),  the  weight  of  the  one  pound  standard 
needle  without  appreciable  indentation. 

Tests  for  Strength.— -Min  up  the  mortar  consisting  of 

three  parts  standard  crushed  quartz  stone  and  one  part 

Portland  cement,  proportion  being  taken  by  weight 

Mix  the  sand  and  cement  thoroughly  until  the  mixture 

presents  a  uniform  color.    Gauge  with  about  eight  per 

cent,  of  water  and  work  over  the  mixture  thoroughly 

about  six  times.    Tamp  in  molds  in  layers,  and  finish 

the  surface  of  the  briquette.    Record  the  initials  on 

one  corner  of  the  briquettes,  and  leave  the  briquettes 

in  the  molds.     They  will  be  taken  therefrom  by  the 

instructor  and  placed  under  water  after  twenty-four 

hours. 

Second  Day's  Work. 

At  the  laboratory  period  one  week  following,  the 
briquettes  are  to  be  taken  from  the  water  and  tested 
for  strength. 

Tests  for  Fineness  of  Grinding. —Siit  about  four 
ounces  of  cement  through  No.  100  and  No.  80  sieve  and 
weigh  the  residue  left  on  the  sieves. 

The  Report.— 'Each  student  should  report  the  results 
of  the  tests  made  by  him  as  an  individual  to  determine 
the  fineness  of  grmding,  the  time  of  setting,  and  the 
strength  of  the  five  briquettes.  Reports  should  be 
made  on  blank  forms  provided  for  that  purpose. 

Special  instructions  are  issued  to  civil  engineers. 


AN  ELEMENTARY  COURSE  IN  PROPERTIES  OP 

MATERIALS. 

BY   GEORGE   L.    CHRISTENSEN, 

Afieistant  Professor  of  Mechanical  Engineering,  Michigan  College 

of  Mines. 

Instrnction  in  the  properties  of  engineering  materials 
should  have  the  following  objects  in  view : 

1.  To  illustrate  the  behavior  of  materials  under 
stress. 

2.  To  establish  clear  and  definite  conceptions  as  to 
the  meaning  of  such  fundamental  terms  as  elastic  limit, 
yield  point,  xdtimate  strength,  percentage  of  elongation, 
modulus  of  elasticity,  resilience. 

3.  To  familiarize  the  student  as  far  as  possible  with 
the  methods  by  which  materials  are  tested  to  obtain 
numerical  results  indicating  their  qualities. 

4.  To  fix  in  the  memory  a  few  of  the"  average  numer- 
ical values  for  the  more  common  materials  such  as  cast 
iron,  wrought  iron,  steel,  timber,  stone  and  concrete; 
thus  establishing  a  very  convenient  mental  standard  of 
reference  for  the  more  detailed  study  of  these  and  kin- 
dred materials,  and  at  the  same  time  forming  the  basis 
for  that  ready  judgment  so  essential  to  the  engineer. 

5.  To  illustrate  the  use  of  these  numerical  values  in 
simple  problems  of  designing,  thus  associating  and 
connecting  the  material  itself,  and  the  mathematical 
considerations  involved,  and  laying  the  foundation  for 
that  habit  of  thought  which  must  ever  recognize  the 
material  in  its  various  strengths  and  elasticities,  in 
every  problem  of  design. 
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Beginning  the  course,  the  first  week  is  devoted  to  a 
class-room  consideration  of  definition  of  terms  and  the 
behavior  of  materials  under  tensile  stress.  In  the 
laboratory  period  of  the  second  week,  tensile  tests  are 
made  of  two  specimens  both  cut  from  the  same  wrought 
iron  or  mild  steel  bar,  one  being  rough,  one  inch  in 
diameter,  and  the  other  turned  down  to  a  smaller  size 
(Fig.  1).  The  group  of  ten  students  gathers  around 
the  testing  machine— there  is  room  enough  for  all  to 
note  everything  that  takes  place— and  each  student  is 


Jb'iG.  1. 

required  to  keep  full  records  just  as  though  he  were 
making  the  test  individually.  This  being  the  first  test, 
the  construction  and  operation  of  the  testing  machine 
is  explained.  The  rough  bar  is  tested  first.  It  is 
marked  off  in  the  presence  of  the  class,  with  punch 
marks  an  inch  apart,  and  placed  in  the  machine.  As 
the  test  proceeds,  attention  is  first  directed  to  the  detec- 
tion of  the  yield  point  by  noting  the  drop  of  the  beam, 
then  the  breaking  down  action  is  watched  as  shown  by 
the  loosening  of  the  mill  scale,  then  interest  centers  in 
the  rapid  stretching  of  the  bar,  readily  noted  with  a  pair 
of  dividers,  and  finally,  in  turn,  the  ultimate  load,  the 
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necking  down  action,  and  the  breaking  load  are  noted. 
The  broken  specimen  is  passed  around,  it  is  handled 
and  examined.  They  note  that  it  is  warm.  They  see 
the  form  of  fracture  and  compare  it  with  that  of  spec- 
imens pictured  in  the  text-book.  The  diameter  of  the 
broken  section  is  measured,  and,  finally,  the  broken  ends 
are  placed  together  and  the  elongation  in  lengths  of 


2,  3,  4,  5,  6,  7  and  8  inches  is  measured  with  a  pair  of 
dividers,  always  keeping  the  broken  section  as  near  the 
middle  of  the  measured  length  as  possible.  The  test 
of  the  other  specimen  is  then  run  through  rapidly, 
noting  all  the  results  the  same  as  for  the  first.  A 
neatly-written  report  of  these  tests  with  computed  sig- 
nificant results,  and  a  diagram  (Fig.  2),  showing  the 
variation  in  percentage  of  elongation  when  based  upon 
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different  lengths,  is  required  as  a  part  of  the  nezt  les- 
son; and  the  broken  specimens  find  a  place  upon  the 
class-room  table  where  they  remain  within  easy  reach> 
to  be  appealed  to  most  effectively  in  many  a  class-room 
discussion  in  the  weeks  to  come.  These  simple  tests, 
readily  carried  out  within  the  limits  of  the  hour,  have 
kept  the  little  group  of  students  keen  with  interest, 
have  thrown  new  light  upon  many  points  discussed  in 
the  text,  have  appealed  to  the  eye,  the  ear,  and  the 
sense  of  touch  as  no  amount  of  class-room  discussion 


could;  and,  finally,  have  added  a  little  of  that  time 
element  often  necessary  to  the  full  comprehension  of 
a  new  subject. 

The  third  week  finds  the  class  considering  the  be- 
havior of  materials  under  compressive  stress.  Ac- 
cordingly, the  laboratory  period  is  devoted  to  tests  in 
compression  of  wrought  iron  and  mild  steel,  as  types 
of  ductile  materials  and  sandstone,  sand-lime  brick,  and 
east  iron  as  types  of  brittle  materials  (Fig.  3).  The 
wrought  iron  and  mild  steel  specimens  are  cut  from  the 
same  bars  as  the  tensile  specimens  {Fig.  1)  tested  the 
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ciples  and  materials,  the  class  is  ready  for  the  more 
specific  consideration  of  each  material  by  itself.  It 
must  not  be  forgotten  in  this  connection  that  nearly  all 
our  computations  regarding  stresses  in  materials  are 
based  upon  the  principles  of  elasticity  with  stresses 
below  the  elastic  limit.  It  is  not  sufficient,  then,  to 
consider  only  ultimate  strengths.  The  elastic  limit, 
and  the  more  or  less  perfect  elasticity  of  the  material, 
as  well  as  its  behavior  throughout  the  whole  range  of 
stress,  should  be  made  the  subject  of  careful  study. 
The  student  needs  to  be  brought  face  to  face  with  these 
principles  and  qualities,  again  and  again,  until  they 
become  a  part  of  his  unconscious  possession,  guiding 
his  judgment,  giving  form  to  his  expression. 

Timber  seems  to  offer  many  advantages  as  the  mate- 
rial first  to  be  considered.  It  is  one  of  the  most  com- 
mon materials  of  construction.  The  specimens  are 
easily  prepared  and  cheap.  The  deformations  under 
stress  are  relatively  great,  and,  therefore,  readily 
measured.  The  strengths  and  elasticities  vary  in  dif- 
ferent directions  with  reference  to  the  grain,  thus  re- 
quiring fuller  investigation  as  well  as  clear  ideas  as  to 
direction  of  stress.  The  strengths  are  subject  to  many 
variables,  and  yet,  by  controlling  these  variables,  or  by 
recognizing  their  presence,  consistent  and  highly  in- 
structive results  may  be  obtained. 

Beginning  the  subject  of  timber,  the  first  laboratory 
period  is  devoted  to  the  examination  of  the  minute 
structure  of  wood  as  revealed  by  the  microscope  in 
transverse,  radial  and  tangential  sections  of  the  com- 
mon hardwoods  and  softwoods ;  this  being  the  basis  for 
explaining  so  many  of  its  strength,  grain  and  shrinkage 
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properties.  For  the  strength  tests,  a  clear,  straight- 
grained,  well-seasoned,  white  pine  plank,  16  inches 
broad  and  If  inches  thick,  having  a  little  sap-wood  in 
two  outer  comers,  was  used  (Fig.  4).  Specimens  from 
this  plank  were  tested  under  three  conditions  of  mois- 
ture, viz.:  **Dr5%"  specimens  dried  over  a  boiler  one 
week;  ** Normal,"  specimens  tested  as  cut  from  the 
plank;  and  **Wet,"  specimens  kept  under  water  one 
week.  There  being  six  laboratory  divisions,  the  plank 
was  cut  so  as  to  give  six  endwise  compression  spec- 
imens in  its  width  (Fig.  4).  Thus,  specimens  Nos.  1 
Dry,  No.  7  Normal,  and  No.  13  Wet,  representing  the 
three  moisture  conditions,  and  all  from  similar  posi- 
tions with  respect  to  the  center  of  the  tree,  were  tested 
in  the  first  laboratory  division  (Fig.  5).  The  next  three 
specimens,  in  the  second  division  (Fig.  6),  and  so  on 
(Figs.  7,  8,  9  and  10).  These  three  tests,  with  full 
data  as  to  loads  and  shortenings,  were  easily  finished 
within  the  hour.  The  shortening  was  measured  with 
a  Brown  and  Sharpe  test  indicator  as  shown  in  Fig. 

11.  This  instrument  reads  directlv  to  thousandths  of 
an  inch,  but  ten-thousandths  may  be  estimated  with 
fair  degree  of  accuracy.  The  method  of  measuring 
between  compression  blocks  proves  suflSciently  accurate 
if  a  small  initial  load  be  applied  before  taking  the  first 
reading. 

In  same  manner,  during  the  laboratory  periods  of 
the  following  two  weeks,  the  remainder  of  the  tests 
(Fig.  4),  consisting  of  across  grain  compression  (Figs. 

12,  13  and  14),  endwise  tension,  across  grain  tension, 
and  along  the  grain  shear,  were  completed;  each  stu- 
dent following  a  strip  of  the  plank  throughout  its  length 
through  all  these  tests. 
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metrical  on  each  side  of  the  neck.    This  should  be  noted 
on  the  report. 

VI.  Report. 

Report  consists  in  filling  out  the  blank  form  supplied 
for  the  test  (except  as  indicated  by  the  instructor.) 

Tension  Test  with  Henning  Pocket  Beoorder. 

Object.— To  determine  the  properties  of  material 
from  load-elongation  diagram  drawn  by  apparatus. 

Preparation.— Ascertain  magnification  of  the  lever 
in  the  apparatus.  Set  the  lever  stop  with  a  clearance 
of  0.03  inches.  Measure  and  lay  off  specimen  as  for  a 
regular  tension  experiment.  Place  the  test  bar  in  the 
wedges  of  the  machine  and  adjust  the  apparatus  under 
the  direction  of  the  instructor.  Wedges  must  be 
blocked  to  prevent  their  flying  out  upon  rupture  of  the 
specimen. 

Experiment.— BMa  out  the  poise  by  steps  of  4,000 
pounds  and  allow  the  apparatus  to  draw  a  scale  of  loads 
on  the  card  up  to  50,000  pounds.  Apply  the  load  with 
the  intermediate  speed,  keeping  the  beam  floating  until 
the  specimen  is  broken.  Note  the  load  in  pounds  at  the 
yield  limit  and  the  maximum  limit. 

Computation.— The  card  is  completed  by  drawing  the 
elongation  axis  through  the  zero  of  loads  and  at  right 
angles  to  the  load  axis,  and  also  a  straight  line  from  the 
rupture  point  perpendicular  to  the  elongation  axis. 

The  load  at  yield  limit  and  maximum  limit  are  scaled 
from  the  card  and  checked  by  observations  taken  during 
the  test.  The  per  cent,  of  elongation  obtained  by  the 
measurements  on  the  fractured  specimen  is  to  be 
checked  by  scaling  from  the  card.    The  work  of  defor- 
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mation  up  to  any  point  may  be  obtained  from  the  area 
in  square  inches  under  the  curve  up  to  the  point  in 
question  by  multiplying  this  area  by  the  scale  value  in 
inch-i)ounds  of  each  square  inch  of  card.  This  product 
divided  by  the  volume  of  the  specimen  between  the 
gauge  points  will  be  the  *  *  rupture-work '  ^  in  inch-pounds 
per  cubic  inch. 

Compare  the  value  of  resilience  by  the  card  with  the 
values  as  obtained  from  the  following  formulae : 

Elastic  Resilience =-£ 

2E 

„     ,  ,      per  cent,  elongation  (T"  +  2T) 

Rupture-work  = — — 

300 

Where  T"  and  T'  equal  the  stress  in  pounds  per 
square  inch  at  elastic  limit  and  maximum  load  respec- 
tively, and  E  is  the  modulus  of  elasticity,  E  cannot 
generally  be  accurately  determined  from  the  card. 
(See  instructor  for  assumed  value.) 

N.  B.— Be  sure  to  record  on  the  data  sheet  the  serial 
number  of  the  specimen  before  placing  it  in  the  wedges 
of  the  machine.  Make  sure  that  the  magnification  of 
the  lever  is  taken  account  of  in  all  measurements  in- 
volving this  magnification.  The  beam  must  be  kept 
floating  throughout  the  experiment  even  after  the  max- 
imum load  has  been  reached. 

Tension  Test  with  Extensometee. 

Object.— In  this  experiment  the  elastic  properties  of 
metals  in  tension  are  determined. 

Method.— CaTeivMj  measure  and  prepare  each  spec- 
imen as  for  regular  tension  test  (note  the  serial  number 
on  the  specimen).    Grip  the  piece  in  the  wedges  by 
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applying  a  load  of  about  one  hundred  pounds  (the  ma- 
chine having  been  previously  balanced).  Apply  and 
adjust  the  extensometer^  and  {after  having  had  the  ap- 
paratus inspected  by  the  instructor)  proceed  with  the 

test.    Apply  load  in  increments  of pounds  per 

square  inch  (an  increment  sufficient  to  produce  fifteen 
measurements  of  extension  up  to  the  elastic  limit)  and 
measure  the  total  elongation  at  each  load  increment. 

After  reaching  a  sudden  and  large  increase  in  elon- 
gation, remove  the  extensometer  and  apply  load  until 
specimen  is  ruptured.    Note  the  maximum  load. 

C amputations. —GonBirvLQi  a  diagram  with  load  in 
pounds  per  square  inch  as  ordinates  and  elongation  in 
inches  per  inch  as  abscissas.  Draw  a  straight  line  aver- 
aging the  points  up  to  the  more  rapid  increase  in  elon- 
gation,  and,  tangent  to  the  straight  line,  draw  a  smooth 
curve  averaging  the  remaining  points.  Ordinarily,  the 
straight  line  of  plotted  points  will  not  pass  through 
the  origin.  Draw  through  the  origin  a  line  parallel 
to  the  straight  line  of  plotted  points.  This  line  repre- 
sents the  true  relation  between  stress  and  strain.  Mark 
the  elastic  limit  x  on  the  two  straight  lines  at  the  value 
of  the  ordinate  at  the  point  of  tangency  between  the 
straight  line  of  plotted  points  and  the  smooth  curve. 

The  modulus  of  elasticity  is  the  stress  in  pounds  per 
square  inch  divided  by  the  elongation  in  inches  per 
inch  at  any  point  on  the  straight  line  through  the  origin. 
It  is  most  convenient  to  select  an  abscissa  of  elonga- 
tion of  one  part  in  1,000,  and  multiply  the  corresponding 
stress  by  1,000  to  obtain  the  modulus  of  elasticity. 

The  modulus  of  elastic  resilience  is  the  amount  of 
work  done  on  each  cubic  inch  of  the  specimen  in  de- 
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forming  it  to  the  elastic  limit.  It  may  be  taken  as  the 
area  (in  inch-ponnds)  under  the  straight  line  up  to 
elastic  limit;  or  it  may  be  calculated  by  the  formula 
^T^e"  where  T"  and  e"  are  the  stress  and  relative  elon- 
gation respectively  at  the  elastic  limit,  and  must  be 
measured  on  the  line  passing  through  the  origin. 

Per  cent,  of  elongation  and  of  reduction  of  area  are 
determined  as  in  the  simple  tension  test. 

Report— The  report  will  consist  of  (1)  tension  test 
blanks  (furnished  by  instructor)  properly  filled  out,  (2) 
plotted  curves  with  titles  and  scales  shown,  (3)  ink 
copies  of  running  log. 

Mention  the  form  of  extensometer  used. 

Notes.— The  extensometers  are  delicate  instruments 
and  must  be  handled  carefully.  Any  roughness  of 
usage  or  lack  of  delicacy  in  manipulation  will  result  in 
unsatisfactory  diagrams.  Be  sure  that  the  test  bar  is 
straight. 

Compression  Test  of  Vabious  Matebials. 

The  purposes  of  this  experiment  are:  To  obtain 
knowledge  of  the  proper  methods  of  testing  materials 
in  compression ;  of  the  crushing  strength  of  such  mate- 
rials ;  and  of  the  characteristic  forms  of  fracture. 

Preliminary.—  (1)  Before  testing  any  specimen  care- 
fully measure  its  height  and  cross  section. 

(2)  When  brick,  stone,  concrete,  or  cement  specimens 
are  to  be  tested  they  should  be  carefully  bedded  either 
with  blotting  paper  or  with  plaster  of  Paris.  To  bed 
a  specimen  with  plaster  of  Paris,  have  the  testing  ma- 
chine balanced,  and  the  head  down  so  far  that  it  will 
clear  the  specimen  only  about  one  inch  or  two.    Then 
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mix  up  some  plaster  of  Paris  and  water  to  a  very  thick, 
creamy  consistency.  Spread  a  thin  layer  of  this  on 
paper  placed  upon  the  spherical  bearing  of  the  machine 
and  cover  it  with  a  piece  of  tough  sized  paper,  npon 
which  the  specimen  should  then  be  placed.  The  paper 
is  to  keep  the  water  of  the  plaster  out  of  the  specimen. 
Upon  another  similar  piece  of  paper  a  similar  pad  of 
the  plaster  should  be  spread  covered  with  another 
piece  of  paper  to  form  a  pad,  and  the  pad  then  placed 
upon  the  specimen.  The  head  of  the  machine  should 
then  be  run  down  rapidly  until  it  presses  upon  the 
plaster  sufficiently  to  cause  it  to  flow,  thus  insuring  a 
good  bedding.  With  the  trowels  now  fill  up  all  the 
open  spaces  about  the  edges  of  the  specimen  near  the 
faces  of  the  machine.  After  letting  the  plaster  set  ten 
or  twelve  minutes,  the  si>ecimen  is  ready  to  be  com- 
pressed. The  spherical  bearing  should  also  be  used. 
Have  the  work  inspected  by  the  instructor  before  pro- 
ceeding. 

In  the  case  of  other  materials  see  that  the  ends  of 
the  specimen  admit  of  a  good  even  bearing  in  the 
machine. 

The  Tes^.— Using  the  slowest  speed  available,  now 
compress  the  specimen,  meanwhile  keeping  the  scale 
beam  floating ;  and  watch  carefully  the  behavior  of  the 
specimen. 

Computation.— Compute  the  stress  in  pounds  per 
square  inch  at  first  crack,  and  at  maximum  load. 

iSepori.— Eeport  should  cover: 
Description  of  material.  Method  of  test. 

Size  of  material.  Results. 

Results.— hohd  and  crushing  strength  at  first  crack 
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and  at  maximum  load  or  failure.  Sketch  form  of  frac- 
ture. 

Comparison  of  results  with  standard  values.  (See 
instructor.) 

COMPBESSION  OF   MaTEBIALB. 

{Using  Compressometer.) 
{See  also  instructions  6a.) 

Object— In  addition  to  determining  the  maximum 
strength  in  compression,  as  in  other  compression  tests, 
it  is  intended  in  this  experiment  to  find  the  strength  at 
elastic  limit,  the  modulus  of  elasticity,  the  modulus  of 
elastic  resilience  and  total  rupture-work. 

Operations  in  Testing.— Froceed  as  in  other  compres- 
sion tests  except  that  the  load  is  applied  in  increments 

of pounds  (about  one  twentieth  of  the  probable 

maximum  load)  and  the  total  amount  of  compression  at 
each  increment  is  measured  by  a  compressometer.  (Use 
slowest  speed  of  the  machine.) 

Computations.— Ylot  points  with  load  in  pounds  for 
ordinates  and  compression  in  inches  for  abscissae.  If 
possible  draw  a  straight  line  averaging  the  points  pre- 
ceding the  more  rapid  compression;  and,  tangent  to 
this  straight  line,  draw  a  smooth  curve  averaging  the 
remaining  points.  (Consult  instructor  before  inking 
in  these  lines.)  Mark  the  points  of  maximum  load 
(which  latter  is  the  point  of  tangency  of  the  straight 
line  and  the  elastic  limit  smooth  curve)  by  x.  Then 
draw  a  line  through  the  origin  parallel  to  the  straight 
line  previously  drawn  through  the  plotted  points.  (Do 
not  continue  this  line  parallel  to  plotted  curve.)  Mark 
the  point  of  elastic  limit  on  corrected  line. 
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The  modulus  of  elasticity  is  calculated  from  the 

PI 

formula  E  =  —-  where  P  and  A  are  the  load  in  pounds 

FA 

and  compression  in  inches  respectively,  for  any  point 
on  the  corrected  line ;  F  is  the  square  inches  of  cross- 
sectional  area  of  the  specimen,  and  { is  the  gauge-length 
in  inches  of  the  specimen. 

The  moduli  of  elastic  resilience  and  of  rupture-work 
are  the  work  done  on  each  cubic  inch  of  material  in 
deforming  it  up  to  the  elastic  limit  and  ultimate  strength 
respectively.  These  moduli  may  be  obtained  from  the 
curve  of  plotted  points  by  multiplying  the  area  under 
the  curve  (up  to  the  point  considered)  by  the  scale  value 
of  each  unit  area  of  the  coordinate  paper,  and  dividing 
the  result  by  the  volume  of  the  specimen.  This  will  be 
the  modulus  of  elastic  resilience  or  the  rupture-work. 

Report.— The  report  will  contain  (1)  a  brief  and  clear 
statement  of  the  kind  and  condition  of  materials  tested, 
(2)  the  methods  of  applying  the  loads  and  measuring 
deformations,  (3)  any  peculiarity  in  the  behavior  of 
the  specimen,  and  (4)  a  comparison  of  the  properties  of 
the  material  as  obtained  from  the  test  with  values  re- 
corded in  reference  books,  etc.  The  character  and  form 
of  fracture  should  be  described  and  also  shown  by 
sketch. 

The  report  will  also  contain  a  tabulation  of  results. 

Flexubb  of  Wooden  Beams. 

The  purpose  of  the  experiment  are : 

1.  To  obtain  knowledge  of  strength  and  method  of 
failure  of  materials. 

2.  A  comparison  of  results  with  theoretical  laws  of 
flexure. 
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3.  Practice  in  computing  strength  of  beams. 

Preliminary.— Material  will  consist  of  three  sticks  of 
wood:  (a)  2x2x36  inches;  (6)  2x4x36  inches;  (c) 
2  X  2  X 18  inches. 

1.  Note  the  serial  numbers  or  marks  on  each  specimen. 

2.  Measure  and  weigh  each  specimen  and  count  the 
number  of  annual  rings  per  radial  inch. 

3.  Make  sketches  showing  end  views  with  direction  of 
annual  rings,  sap  and  heart  wood.  Note  any  defects 
such  as  knots,  season  checks,  crooked  grain,  rot,  etc. 

4.  Mark  the  center  lines  and  span  lengths. 

5.  Place  the  beam  upon  the  knife  edges,  using  steel 
strips  to  prevent  knife  edges  from  crushing  the  wood, 
and  rollers  to  prevent  chain  action.  Balance  the  ma- 
chine and  apply  a  small  initial  load  and  place  a  deflec- 
tometer  under  the  center  of  the  beam  or  else  hang  a 
special  deflectometer  on  pins  in  the  neutral  axis  over 
the  knife  edges.  For  a  considerable  deflection  a  wire 
stretched  between  these  pins  and  a  scale  attached  to 
the  beam  at  center  will  suffice.  Bring  wire  to  coincide 
with  its  image  in  scale  to  avoid  parallax. 

The  Test.— Compute  the  probable  breaking  load  and 
apply  this  in  about  twenty  increments  and  read  the 
total  deflection  at  each  increment.  If  care  is  exercised 
in  keeping  the  beam  balanced  near  point  of  failure,  it 
will  be  possible  to  get  the  correct  load  and  deflection  for 
failure  even  though  this  does  not  take  place  at  one  of 
the  regular  load  increments.  Note  the  nature  of  the 
failure  of  the  beam  and  sketch  the  failure. 

Working  up  the  Data.—  il)  On  section  paper  plot 
points  using  load  in  pounds  for  ordinates  and  deflection 
in  inches  for  abscissae.    Use  a  separate  sheet  for  each 

(18) 
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curve.  Choose  scales  such  that  the  slope  of  the  diagram 
near  the  origin  shall  be  about  sixty  degrees.  E^ch  di- 
vision of  the  paper  must  represent  a  decimal  increment. 
Plot  each  point  plainly.  Draw  a  straight  line  aver- 
aging those  i>oints  whidi  precede  the  more  rapid  in- 
crease in  deflection.  Tangent  to  this  line  draw  a  smooth 
curve  averaging  the  subsequent  points.  Mark  on  the 
curve  the  elastic  limit  and  the  load  at  failure,  i.  e.,  the 
maximum  load.  K  the  straight  part  of  the  curve  does 
not  pass  through  the  origin,  draw  through  the  origin  a 
dotted  line  parallel  to  the  first.  This  line  will  repre- 
sent the  relation  between  the  load  and  corrected  deflec- 
tion. 

(2)  Compute  (a)  the  modulus  of  elasticity  E  by  use 
of  formula  4,  page  254,  Church's  Mechanics  of  Engi- 
neering {d  and  P  are  taken  from  any  point  on  the  cor- 
rected line),  (b)  B"y  the  fiber  stress  at  elastic  limit, 
(c)  R,  the  fiber  stress  at  rupture,  (d)  J7",  the  modulus 
of  elastic  resilience,  (e)  U,  the  modulus  of  rupture- 
work.  To  compute  the  modulus  of  resilience  at  elastic 
limit  or  rupture,  divide  the  inch  pounds  of  work  done 
upon  the  beam  up  to  that  point  by  the  volume  in  cubic 
inches  of  the  part  between  the  supporting  knife  edges. 
Also  find  the  values  of  the  exponents  x,  y,  z  and  w  in  the 
following  equations 

-pT/  ™  (  ?-  )    Beams  of  equal  length. 

pj>  —  I  =-'  1^  Beams  of  equal  depth. 

^  =»  \^\    For  equal  loads  and  equal  lengths. 

^  »  f  Y  )     For  equal  loads  and  equal  depths. 
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P7  and  P"  are  loads  at  elastic  limit. 

d  and  d,  must  not  be  taken  beyond  the  elastic  limit, 
and  must  be  taken  from  line  of  corrected  deflections. 

Compute  the  weight  per  cubic  foot  and  the  specific 
gravity,  assuming  that  the  per  cent,  of  moisture  on  the 
basis  of  dry  weight  is  12  per  cent. 

The  Report.— Qive  a  brief  description  of  the  method 
of  conducting  the  experiment.  On  following  pages 
present  the  measurements,  etc.,  of  the  beams;  the 
sketches  of  cross  sections  and  fractures;  the  data  ob- 
tained ;  the  diagrams,  and  then  the  computed  result  in 
tabular  form. 

Experiments  in  Torsion. 

Object.— ThQ  object  of  this  experiment  is  to  study  the 
behavior  of  materials  under  torsion,  and  to  obtain  such 
data  as  will  enable  the  shearing  strength  of  the  mate- 
rial and  its  modulus  of  elasticity  in  shear  to  be  com- 
puted. 

Material.— Thi^  material  is  to  be  supplied  by  the  in- 
structor, and  may  be  steel,  iron  or  wood,  or  other 
material. 

PreKwiwary.— Carefully  measure  the  dimensions  of 
the  cross  section  and  the  gauge  length.  Then  adjust 
the  specimen  in  the  heads  of  the  machine,  being  careful 
to  have  the  jaws  clamped  tightly  against  the  specimen, 
which  should  be  fixed  in  the  axis  of  rotation  of  the 
machine.  Then  apply  the  torsion  troptometer  to  the 
specimen  and  adjust  the  clamps  of  the  latter  so  that 
the  center  of  the  circle  of  the  graduated  arc  will  be  in 
the  axis  of  the  machine.    Apply  a  small  initial  moment 
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of  about  one  hundred  inch  pounds  and  set  to  zero  the 
graduated  arc,  and  also  the  permanent  scale  on  the 
twisting  head  of  the  machine. 

Experiment— Apply  the  loads  continuously  in  incre- 
ment of inch  pounds.    Bead  on  the  graduated  arc 

the  movement  of  the  pointer  in  inches  for  each  incre- 
ment. When  the  increase  in  the  angle  of  torsion  is 
found  to  be  rapid,  the  elastic  limit  having  been  reached, 
the  graduated  arc  and  index  should  be  removed. 

If  only  the  elastic  properties  of  materials  are  to  be 
determined  the  specimen  may  be  removed.  Ordinarily 
the  tests  are  to  be  continued  until  the  specimen  is  rup- 
tured. The  whole  angle  of  the  twist  is  read  from  the 
fixed  scale  on  the  movable  head  of  the  machine  and 
should  be  read  for  even  loads  above  the  elastic  limit. 
The  scale  should  be  kept  balanced  and  the  maximum 
load  determined. 

Computations.—Ylot  diagrams  to  suitable  scales  with 
the  twisting  moment  in  inch-pounds  as  ordinates  and 
the  angle  of  twist  in  degrees  as  abscissa.  One  of  these 
curves  will  be  drawn  with  the  magnified  abscissa  and 
will  show  the  points  up  to  the  elastic  limit.  The  other 
curves  will  be  on  a  small  scale  and  will  show  the  angle- 
moment  diagram  up  to  the  rupture.  As  in  other  ex- 
periments, the  straight  line  portion  in  the  beginning 
should  pass  through  the  origin.  If  it  does  not,  a  straight 
line  parallel  to  the  straight  line  passing  through  the 
plotted  points  should  be  drawn  through  the  origin  and 
terminating  at  the  elastic  limit. 

Mark  the  points  corresponding  to  the  elastic  limit 
and  maximum  load  on  the  curve.     Compute  (1)  the 
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shearing  strength  developed  at  the  elastic  limit  and  the 
maximnm  load,  using  formula 

6 

Calculate  the  modulus  of  elasticity  in  shear  from  the 

formula 

-,        aPsIp* 

Using  the  coordinates  of  any  point  on  the  corrected 
curve  of  the  magnified  scale. 

Compute  also  the  modulus  of  elastic  resilience  and 
the  modulus  of  rupture-work. 

Report.— The  report  will  contain  (1)  a  brief  descrip- 
tion of  the  specimen  and  method  of  test,  (2)  a  tabulated 
statement  of  the  computed  and  observed  results  (rule 
a  form  to  suit  the  requirements),  (3)  a  description  of 
the  fractured  specimen,  (4)  plotted  curves  on  coordi- 
nate paper,  (5)  an  ink  copy  of  the  running  log  of  loads 
and  deformation. 

Instbuctions  fob  Testing  Cement. 
{Short  Course.) 

The  work  will  include  two  days  in  the  laboratory,  and 
during  this  time  the  student  will  determine  the  time  of 
setting,  the  fineness  on  No.  100  and  No.  80  sieve,  and 
the  strength  of  three  to  one  mortar  in  the  case  of  a 
standard  brand  of  Portland  cement. 

Time  of  Setting.— Mix  up  neat  cement  with  enough 
water  to  render  a  paste  of  such  consistency  that  when 
placed  on  a  glass  plate  it  will  retain  its  form,  and  at 
the  same  time  by  striking  the  glass  against  the  hand 

*  See  Church's  Mechanics  of  Engineering. 
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the  paste  can  be  spread  out  without  cracking  on  the 
sufaee. 

Trowel  the  paste  on  the  glass  to  thin  edges^  and  set 
the  pat  thus  made  aside  in  a  damp  chamber,  and  ob- 
serve the  time  that  elapses  until  (1)  it  will  bear  the 
quarter  pound  standard  needle  without  appreciable  in- 
dentation; (2)y  the  weight  of  the  one  pound  standard 
needle  without  appreciable  indentation. 

Tests  for  Strength.— Mix  up  the  mortar  consisting  of 

three  parts  standard  crushed  quartz  stone  and  one  part 

Portland  cement,  proportion  being  taken  by  weight. 

Mix  the  sand  and  cement  thoroughly  until  the  mixture 

presents  a  uniform  color.    Gauge  with  about  eight  per 

cent,  of  water  and  work  over  the  mixture  thoroughly 

about  six  times.    Tamp  in  molds  in  layers,  and  finish 

the  surface  of  the  briquette.    Record  the  initials  on 

one  corner  of  the  briquettes,  and  leave  the  briquettes 

in  the  molds.     They  will  be  taken  therefrom  by  the 

instructor  and  placed  under  water  after  twenty-four 

hours. 

Second  Day's  Work. 

At  the  laboratory  period  one  week  following,  the 
briquettes  are  to  be  taken  from  the  water  and  tested 
for  strength. 

Tests  for  Fineness  of  Grinding.— Sift  about  four 
ounces  of  cement  through  No.  100  and  No.  80  sieve  and 
weigh  the  residue  left  on  the  sieves. 

The  Report.— ^ach,  student  should  report  the  results 
of  the  tests  made  by  him  as  an  individual  to  determine 
the  fineness  of  grinding,  the  time  of  setting,  and  the 
strengtii  of  the  five  briquettes.  Reports  should  be 
made  on  blank  forms  provided  for  that  purpose. 

Special  instructions  are  issued  to  civil  engineers. 


AN  ELEMENTARY  COURSE  IN  PROPERTIES  OF 

MATERIALS. 

BY   GEORGE   L.   CHRISTENSEN, 

AsaiBtaiit  Professor  of  Mechanical  Engineering,  Michigan  College 

of  Mines. 

Instruction  in  the  properties  of  engineering  materials 
should  have  the  following  objects  in  view : 

1.  To  illustrate  the  behavior  of  materials  under 
stress. 

2.  To  establish  clear  and  definite  conceptions  as  to 
the  meaning  of  such  fundamental  terms  as  elastic  limit, 
yield  point,  ultimate  strength,  percentage  of  elongation, 
modulus  of  elasticity,  resilience. 

3.  To  familiarize  the  student  as  far  as  possible  with 
the  methods  by  which  materials  are  tested  to  obtain 
numerical  results  indicating  their  qualities. 

4.  To  fix  in  the  memory  a  few  of  the  average  numer- 
ical values  for  the  more  common  materials  such  as  cast 
iron,  wrought  iron,  steel,  timber,  stone  and  concrete; 
thus  establishing  a  very  convenient  mental  standard  of 
reference  for  the  more  detailed  study  of  these  and  kin- 
dred materials,  and  at  the  same  time  forming  the  basis 
for  that  ready  judgment  so  essential  to  the  engineer. 

5.  To  illustrate  the  use  of  these  numerical  values  in 
simple  problems  of  designing,  thus  associating  and 
connecting  the  material  itself,  and  the  mathematical 
considerations  involved,  and  laying  the  foundation  for 
that  habit  of  thought  which  must  ever  recognize  the 
material  in  its  various  strengths  and  elasticities,  in 
every  problem  of  design. 
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terr-Vx-c  i*  J:c:ii4:n's  '-"Hie  llsreriil*  cf  C 
tlot:^**  Tbe  class.  i::irL:«*riiiz  sixtj  stiiien^  is  <£nnded 
xlUp  zLne  s^cticc-*  of  r^-entj  ea.*^  f  :r  m^itatioiis.  and 
«rii  of  these  sectiorLS  is  &zain  diriied  into  two  Ubo- 
ratorj  <LtL*:oiis  of  ten  st^i-iezits  each.  ^^H^ty  in  all  six 
laviTatory  diTi^ioiLS^  Duiing  a  portion  of  tbe  course, 
tr«e  fir^t  recitation  per>jd  of  each  week  is  set  aside  for 
laboratory  i.'Iustration  work,  when,  instead  of  the  whde 
ji^rtlon  meetlr^  in  the  class-room,  one  of  the  small  labo- 
ratory divL-:ons  of  ten  students  meets  in  the  laboratory, 
the  other  division  taking  some  other  boor  of  the  same 
day.  With  this  organization  of  the  class  it  is  possible 
to  undertake  a  series  of  tests,  the  whole  class  bdng 
rnade  familiar  with  the  plan  and  scope,  bnt  eadi  labo- 
ratory di\dision  doing  only  a  small  XMirt  of  the  work. 
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Beginning  the  course,  the  first  week  is  devoted  to  a 
class-room  consideration  of  definition  of  terms  and  the 
behavior  of  materials  under  tensile  stress.  In  the 
laboratory  period  of  the  second  week,  tensile  tests  are 
made  of  two  specimens  both  cut  from  the  same  wrought 
iron  or  mild  steel  bar,  one  being  rough,  one  inch  in 
diameter,  and  the  other  turned  down  to  a  smaller  size 
(Fig.  1).  The  group  of  ten  students  gathers  around 
the  testing  machine— there  is  room  enough  for  all  to 
note  everything  that  takes  place— and  each  student  is 


Fig.  1. 

required  to  keep  full  records  just  as  though  he  were 
making  the  test  individually.  This  being  the  first  test, 
the  construction  and  operation  of  the  testing  machine 
is  explained.  The  rough  bar  is  tested  first.  It  is 
marked  off  in  the  presence  of  the  class,  with  punch 
marks  an  inch  apart,  and  placed  in  the  machine.  As 
the  test  proceeds,  attention  is  first  directed  to  the  detec- 
tion of  the  yield  point  by  noting  the  drop  of  the  beam, 
then  the  breaking  down  action  is  watched  as  shown  by 
the  loosening  of  the  mill  scale,  then  interest  centers  in 
the  rapid  stretching  of  the  bar,  readily  noted  with  a  pair 
of  dividers,  and  finally,  in  turn,  the  ultimate  load,  the 
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necking  down  artion,  and  the  breaking  load  are  noted. 
The  broken  specimen  is  passed  around,  it  is  handled 
and  examined.  They  note  that  it  is  warm.  They  see 
the  form  of  fracture  and  compare  it  with  that  of  spec- 
imens pictured  in  the  text-book.  The  diameter  of  the 
broken  section  is  measured,  and,  finally,  the  broken  ends 
are  placed  together  and  the  elongation  in  lengths  of 


'  2,  3,  4,  5,  6,  7  and  8  inches  is  measured  with  a  pair  of 
dividers,  always  keeping  the  broken  section  as  near  the 
middle  of  the  measured  length  as  possible.  The  test 
of  the  other  specimen  is  then  run  through  rapidly, 
noting  all  the  results  the  same  as  for  the  first.  A 
neatly-written  report  of  these  tests  with  computed  sig- 
nificant results,  and  a  diagram  (Fig.  2),  showing  the 
variation  in  percentage  of  elongation  when  based  upon 
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different  lengths,  is  required  as  a  part  of  the  next  les- 
son ;  and  the  broken  specimens  find  a  place  upon  the 
class-room  table  where  they  remain  within  easy  reach, 
to  be  appealed  to  most  effectively  in  many  a  class-room 
discussion  in  the  weeks  to  come.  These  simple  tests, 
readily  carried  out  within  the  limits  of  the  hour,  have 
kept  the  little  group  of  students  keen  with  interest, 
have  thrown  new  light  upon  many  points  discussed  in 
the  text,  have  appealed  to  the  eye,  the  ear,  and  the 
sense  of  touch  as  no  amount  of  class-room  discussion  ■ 


could ;  and,  finally,  have  added  a  little  of  that  time 
element  often  necessary  to  the  full  comprehension  of 
a  new  subject. 

The  third  week  finds  the  class  considering  the  be- 
havior of  materials  under  compressive  stress.  Ac- 
cordingly, the  laboratory  period  is  devoted  to  tests  in 
compression  of  wrought  iron  and  mild  steel,  as  types 
of  ductile  materials  and  sandstone,  sand-lime  brick,  and 
east  iron  as  types  of  brittle  materials  (Fig.  3).  The 
wrought  iron  and  mild  steel  specimens  are  cut  from  the 
same  bars  as  the  tensile  specimens  (Fig.  1)  tested  the 
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previous  week,  tlius  enabling  a  comparison  of  the  yield 
points  in  tension  and  compression. 
After  this  preliminary   study   of  definitions,  prin- 


COURSE   IN    PROPERTIES   OF    MATERIALS.  285 

ciples  and  materials,  the  class  is  ready  for  the  more 
specific  consideration  of  each  material  by  itself.  It 
must  not  be  forgotten  in  this  connection  that  nearly  all 
our  computations  regarding  stresses  in  materials  are 
based  upon  the  principles  of  elasticity  with  stresses 
below  the  elastic  limit.  It  is  not  suflScient,  then,  to 
consider  only  ultimate  strengths.  The  elastic  limit, 
and  the  more  or  less  perfect  elasticity  of  the  material, 
as  well  as  its  behavior  throughout  the  whole  range  of 
stress,  should  be  made  the  subject  of  careful  study. 
The  student  needs  to  be  brought  face  to  face  with  these 
principles  and  qualities,  again  and  again,  until  they 
become  a  part  of  his  unconscious  possession,  guiding 
his  judgment,  giving  form  to  his  expression. 

Timber  seems  to  offer  many  advantages  as  the  mate- 
rial first  to  be  considered.  It  is  one  of  the  most  com- 
mon materials  of  construction.  The  specimens  are 
easily  prepared  and  cheap.  The  deformations  under 
stress  are  relatively  great,  and,  therefore,  readily 
measured.  The  strengths  and  elasticities  vary  in  dif- 
ferent directions  with  reference  to  the  grain,  thus  re- 
quiring fuller  investigation  as  well  as  clear  ideas  as  to 
direction  of  stress.  The  strengths  are  subject  to  many 
variables,  and  yet,  by  controlling  these  variables,  or  by 
recognizing  their  presence,  consistent  and  highly  in- 
structive results  may  be  obtained. 

Beginning  the  subject  of  timber,  the  first  laboratory 
period  is  devoted  to  the  examination  of  the  minute 
structure  of  wood  as  revealed  by  the  microscope  in 
transverse,  radial  and  tangential  sections  of  the  com- 
mon hardwoods  and  softwoods ;  this  being  the  basis  for 
explaining  so  many  of  its  strength,  grain  and  shrinkage 
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metrical  on  each  side  of  the  neck.    This  should  be  noted 
on  the  report. 

VT.  Report. 

Report  consists  in  filling  out  the  blank  form  supplied 
for  the  test  (except  as  indicated  by  the  instructor.) 

Tension  Test  with  Hennino  Pocket  Beoobdeb. 

Object.— To  determine  the  properties  of  material 
from  load-elongation  diagram  drawn  by  apparatus. 

Preparation.— Ascertain  magnification  of  the  lever 
in  the  apparatus.  Set  the  lever  stop  with  a  clearance 
of  0.03  inches.  Measure  and  lay  off  specimen  as  for  a 
regular  tension  experiment.  Place  the  test  bar  in  the 
wedges  of  the  machine  and  adjust  the  apparatus  under 
the  direction  of  the  instructor.  Wedges  must  be 
blocked  to  prevent  their  flying  out  upon  rupture  of  the 
specimen. 

Experiment.— lEi\m  out  the  poise  by  steps  of  4,000 
pounds  and  allow  the  apparatus  to  draw  a  scale  of  loads 
on  the  card  up  to  50,000  pounds.  Apply  the  load  with 
the  intermediate  speed,  keeping  the  beam  floating  until 
the  specimen  is  broken.  Note  the  load  in  pounds  at  the 
yield  limit  and  the  maximum  limit. 

Computation.— The  card  is  completed  by  drawing  the 
elongation  axis  through  the  zero  of  loads  and  at  right 
angles  to  the  load  axis,  and  also  a  straight  line  from  the 
rupture  point  perpendicular  to  the  elongation  axis. 

The  load  at  yield  limit  and  maximum  limit  are  scaled 
from  the  card  and  checked  by  observations  taken  during 
the  test.  The  per  cent,  of  elongation  obtained  by  the 
measurements  on  the  fractured  specimen  is  to  be 
checked  by  scaling  from  the  card.    The  work  of  defor- 
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mation  up  to  any  point  may  be  obtained  from  the  area 
in  square  inches  imder  the  curve  up  to  the  point  in 
question  by  multiplying  this  area  by  the  scale  value  in 
inch-pounds  of  each  square  inch  of  card.  This  product 
divided  by  the  volume  of  the  specimen  between  the 
gauge  points  will  be  the  ^  ^  rupture-work ' '  in  inch-pounds 
per  cubic  inch. 

Compare  the  value  of  resilience  by  the  card  with  the 
values  as  obtained  from  the  following  formulae : 

Elastic  Besilience = -^ 

2E 

^     ^  ,      per  cent,  elongation  (T"  +  2r) 

Eupture-work = — — 

300 

Where  T''  and  T  equal  the  stress  in  pounds  per 
square  inch  at  elastic  limit  and  maximum  load  respec- 
tively, and  E  is  the  modulus  of  elasticity,  E  cannot 
generally  be  accurately  determined  from  the  card. 
(See  instructor  for  assumed  value.) 

N.  B.— Be  sure  to  record  on  the  data  sheet  the  serial 
number  of  the  specimen  before  placing  it  in  the  wedges 
of  the  machine.  Make  sure  that  the  magnification  of 
the  lever  is  taken  account  of  in  all  measurements  in- 
volving this  magnification.  The  beam  must  be  kept 
floating  throughout  the  experiment  even  after  the  max- 
imum load  has  been  reached. 

Tension  Test  with  Extensometeb. 

Object.— In  this  experiment  the  elastic  properties  of 
metals  in  tension  are  determined. 

Method.'-GHxetvIiy  measure  and  prepare  each  spec- 
imen as  for  regular  tension  test  (note  the  serial  number 
on  the  specimen).    Grip  the  piece  in  the  wedges  by 
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applying  a  load  of  about  one  hundred  pounds  (the  ma- 
chine having  been  previously  balanced).  Apply  and 
adjust  the  extensometer,  and  {after  having  had  the  ap- 
paratus inspected  by  the  instrtictor)  proceed  with  the 

test.    Apply  load  in  increments  of pounds  per 

square  inch  (an  increment  sufficient  to  produce  fifteen 
measurements  of  extension  up  to  the  elastic  limit)  and 
measure  the  total  elongation  at  each  load  increment. 

After  reaching  a  sudden  and  large  increase  in  elon- 
gatioUy  remove  the  extensometer  and  apply  load  until 
specimen  is  ruptured.    Note  the  maximum  load. 

Computations.— Construct  a  diagram  with  load  in 
pounds  per  square  inch  as  ordinates  and  elongation  in 
inches  per  inch  as  abscissae.  Draw  a  straight  line  aver- 
aging the  points  up  to  the  more  rapid  increase  in  elon- 
gation, and,  tangent  to  the  straight  line,  draw  a  smooth 
curve  averaging  the  remaining  points.  Ordinarily,  the 
straight  line  of  plotted  points  will  not  pass  through 
the  origin.  Draw  through  the  origin  a  line  parallel 
to  the  straight  line  of  plotted  points.  This  line  repre- 
sents the  true  relation  between  stress  and  strain.  Mark 
the  elastic  limit  x  on  the  two  straight  lines  at  the  value 
of  the  ordinate  at  the  point  of  tangency  between  the 
straight  line  of  plotted  points  and  the  smooth  curve. 

The  modulus  of  elasticity  is  the  stress  in  pounds  per 
square  inch  divided  by  the  elongation  in  inches  per 
inch  at  any  point  on  the  straight  line  through  the  origin. 
It  is  most  convenient  to  select  an  abscissa  of  elonga- 
tion of  one  part  in  1,000,  and  multiply  the  corresponding 
stress  by  1,000  to  obtain  the  modulus  of  elasticity. 

The  modulus  of  elastic  resilience  is  the  amount  of 
work  done  on  each  cubic  inch  of  the  specimen  in  de- 
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f ormiiig  it  to  the  elastic  limit.  It  may  be  taken  as  the 
area  (in  inGh-i)omids)  under  the  straight  line  up  to 
elastic  limit;  or  it  may  be  calculated  by  the  formula 
^T"e"  where  T"  and  e"  are  the  stress  and  relative  elon- 
gation respectively  at  the  elastic  limit,  and  must  be 
measured  on  the  line  passing  through  the  origin. 

Per  cent,  of  elongation  and  of  reduction  of  area  are 
determined  as  in  the  simple  tension  test. 

Report.^The  report  will  consist  of  (1)  tension  test 
blanks  (furnished  by  instructor)  properly  filled  out,  (2) 
plotted  curves  with  titles  and  scales  shown,  (3)  ink 
copies  of  running  log. 

Mention  the  form  of  extensometer  used. 

Notes.— The  extensometers  are  delicate  instruments 
and  must  be  handled  carefully.  Any  roughness  of 
usage  or  lack  of  delicacy  in  manipulation  will  result  in 
unsatisfactory  diagrams.  Be  sure  that  the  test  bar  is 
straight. 

CoMPBEssioN  Test  of  Vabious  Materials. 

The  purposes  of  this  experiment  are:  To  obtain 
knowledge  of  the  proper  methods  of  testing  materials 
in  compression;  of  the  crushing  strength  of  such  mate- 
rials ;  and  of  the  characteristic  forms  of  fracture. 

Preliminary.—  (1)  Before  testing  any  specimen  care- 
fully measure  its  height  and  cross  section. 

(2)  When  brick,  stone,  concrete,  or  cement  specimens 
are  to  be  tested  they  should  be  carefully  bedded  either 
with  blotting  paper  or  with  plaster  of  Paris.  To  bed 
a  specimen  with  plaster  of  Paris,  have  the  testing  ma- 
chine balanced,  and  the  head  down  so  far  that  it  will 
clear  the  specimen  only  about  one  inch  or  two.    Then 
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mix  up  some  plaster  of  Paris  and  water  to  a  very  thick, 
creamy  consistency.  Spread  a  thin  layer  of  this  on 
paper  placed  upon  the  spherical  bearing  of  the  machine 
and  cover  it  with  a  piece  of  tough  sized  paper,  upon 
which  the  specimen  should  then  be  placed.  The  paper 
is  to  keep  the  water  of  the  plaster  out  of  the  Bi)ecimen. 
Upon  another  similar  piece  of  paper  a  similar  pad  of 
the  plaster  should  be  spread  covered  with  another 
piece  of  paper  to  form  a  pad,  and  the  pad  then  placed 
upon  the  specimen.  The  head  of  the  madiine  should 
then  be  run  down  rapidly  until  it  presses  upon  the 
plaster  su£Sciently  to  cause  it  to  flow,  thus  insuring  a 
good  bedding.  With  the  trowels  now  fill  up  all  the 
open  spaces  about  the  edges  of  the  specimen  near  the 
faces  of  the  machine.  After  letting  the  plaster  set  ten 
or  twelve  minutes,  the  specimen  is  ready  to  be  com- 
pressed. The  spherical  bearing  should  also  be  used. 
Have  the  work  inspected  by  the  instructor  before  pro- 
ceeding. 

In  the  case  of  other  materials  see  that  the  ends  of 
the  specimen  admit  of  a  good  even  bearing  in  the 
machine. 

The  Te5<.— Using  the  slowest  speed  available,  now 
compress  the  specimen,  meanwhile  keeping  the  scale 
beam  floating ;  and  watch  carefully  the  behavior  of  the 
specimen. 

Computation.—CompTxte  the  stress  in  pounds  per 
square  inch  at  first  crack,  and  at  maximum  load. 

Report. —'Report  should  cover: 
Description  of  material.  Method  of  test. 

Size  of  material.  Results. 

Restdts.—hosid  and  crushing  strength  at  first  crack 
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and  at  maximum  load  or  failure.  Sketch  form  of  frac- 
ture. 

Comparison  of  results  with  standard  values.  (See 
instructor. ) 

COMPRESSIOK   OF  MATERIALS. 

{Using  Compressometer.) 
(See  also  instructions  6a.) 

Object.^In  addition  to  determining  the  maximum 
strength  in  compression,  as  in  other  compression  tests, 
it  is  intended  in  this  experiment  to  find  the  strength  at 
elastic  limit,  the  modulus  of  elasticity,  the  modulus  of 
elastic  resilience  and  total  rupture-work. 

Operations  in  Testing.— Froceed  as  in  other  compres- 
sion tests  except  that  the  load  is  applied  in  increments 

of pounds  (about  one  twentieth  of  the  probable 

maximum  load)  and  the  total  amount  of  compression  at 
each  increment  is  measured  by  a  compressometer.  (Use 
slowest  speed  of  the  machine.) 

Computations.— Flot  points  with  load  in  pounds  for 
ordinates  and  compression  in  inches  for  abscissas.  // 
possible  draw  a  straight  line  averaging  the  points  pre- 
ceding the  more  rapid  compression;  and,  tangent  to 
this  straight  line,  draw  a  smooth  curve  averaging  the 
remaining  points.  (Consult  instructor  before  inking 
in  these  lines.)  Mark  the  points  of  maximum  load 
(which  latter  is  the  point  of  tangency  of  the  straight 
line  and  the  elastic  limit  smooth  curve)  by  x.  Then 
draw  a  line  through  the  origin  parallel  to  the  straight 
line  previously  drawn  through  the  plotted  points.  (Do 
not  continue  this  line  parallel  to  plotted  curve.)  Mark 
the  point  of  elastic  limit  on  corrected  line. 
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The  modnhiB  of  elastiatr  is  calrolated  from  the 

PI 

formnla  f  =  —-  where  P  and  A  are  the  load  in  pounds 

Fa  *^ 

and  compiession  in  indies  lespectivelT,  for  any  pcnnt 

on  the  oorreeted  line;  F  is  the  sqnare  inches  of  cross- 

sectional  area  of  the  spedmen,  and  I  is  the  gange-length 

in  inches  of  the  specimen. 

The  moduli  of  elastic  resilience  and  of  mptore-work 
are  the  work  done  on  each  cubic  inch  of  material  in 
deforming  it  up  to  the  elastic  limit  and  ultimate  strength 
respectively.  These  moduli  may  be  obtained  from  the 
curve  of  plotted  points  by  multiplying  the  area  under 
the  curve  (up  to  the  point  considered)  by  the  scale  value 
of  each  unit  area  of  the  coordinate  paper,  and  dividing 
the  result  by  the  volume  of  the  specimen.  This  will  be 
the  modulus  of  elastic  resilience  or  the  rupture-woriL 

Report.— The  report  will  contain  (1)  a  brief  and  dear 
statement  of  the  kind  and  condition  of  materials  tested, 
(2)  the  methods  of  applying  the  loads  and  measuring 
deformations,  (3)  any  peculiarity  in  the  behavior  of 
the  8i)ecimen,  and  (4)  a  comparison  of  the  properties  of 
the  material  as  obtained  from  the  test  with  values  re- 
corded in  reference  books,  etc.  The  character  and  form 
of  fracture  should  be  described  and  also  shown  by 
sketch. 

The  report  will  also  contain  a  tabulation  of  results. 

Flexubb  of  Wooden  Beams. 

The  purpose  of  the  experiment  are : 

1.  To  obtain  knowledge  of  strength  and  method  of 
failure  of  materials. 

2.  A  comparison  of  results  with  theoretical  laws  of 
flexure. 
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3.  Practice  in  computing  strength  of  beams. 

Preliminary. ^Material  will  consist  of  three  sticks  of 
wood:  (a)  2x2x36  inches;  (fe)  2x4x36  inches;  (c) 
2  X  2  X 18  inches. 

1.  Note  the  serial  numbers  or  marks  on  each  specimen. 

2.  Measure  and  weigh  each  specimen  and  count  the 
number  of  annual  rings  per  radial  inch. 

3.  Make  sketches  showing  end  views  with  direction  of 
annual  rings,  sap  and  heart  wood.  Note  any  defects 
such  as  knots,  season  checks,  crooked  grain,  rot,  etc. 

4.  Mark  the  center  lines  and  span  lengths. 

5.  Place  the  beam  upon  the  knife  edges,  using  steel 
strips  to  prevent  knife  edges  from  crushing  the  wood, 
and  rollers  to  prevent  chain  action.  Balance  the  ma- 
chine and  apply  a  small  initial  load  and  place  a  deflec- 
tometer  under  the  center  of  the  beam  or  else  hang  a 
special  deflectometer  on  pins  in  the  neutral  axis  over 
the  knife  edges.  For  a  considerable  deflection  a  wire 
stretched  between  these  pins  and  a  scale  attached  to 
the  beam  at  center  will  suffice.  Bring  wire  to  coincide 
with  its  image  in  scale  to  avoid  parallax. 

The  Te5<.— Compute  the  probable  breaking  load  and 
apply  this  in  about  twenty  increments  and  read  the 
total  deflection  at  each  increment.  If  care  is  exercised 
in  keeping  the  beam  balanced  near  point  of  failure,  it 
will  be  possible  to  get  the  correct  load  and  deflection  for 
failure  even  though  this  does  not  take  place  at  one  of 
the  regular  load  increments.  Note  the  nature  of  the 
failure  of  the  beam  and  sketch  the  failure. 

Working  up  the  Data.—  {1)  On  section  paper  plot 
points  using  load  in  pounds  for  ordinates  and  deflection 
in  inches  for  abscissaB.    Use  a  separate  sheet  for  each 

(18) 
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curve.  Choose  scales  stich  that  the  slope  of  the  diagram 
near  the  origin  shall  be  about  sixty  degrees.  E9ch  di- 
vision of  the  paper  must  represent  a  decimal  increment. 
Plot  each  point  plainly.  Draw  a  straight  line  aver- 
aging those  points  which  precede  the  more  rapid  in- 
crease in  deflection.  Tangent  to  this  line  draw  a  smooth 
curve  averaging  the  subsequent  points.  Mark  on  the 
curve  the  elastic  limit  and  the  load  at  failure,  i.  e.,  the 
maximum  load.  If  the  straight  part  of  the  curve  does 
not  pass  through  the  origin,  draw  through  the  origin  a 
dotted  line  parallel  to  the  first.  This  line  will  repre- 
sent the  relation  between  the  load  and  corrected  deflec- 
tion. 

(2)  Compute  (a)  the  modulus  of  elasticity  E  by  use 
of  formula  4,  page  254,  Church's  Mechanics  of  Engi- 
neering (d  and  P  are  taken  from  any  point  on  the  cor- 
rected line),  (b)  R"j  the  fiber  stress  at  elastic  limit, 
(c)  R,  the  fiber  stress  at  rupture,  (d)  TJ"^  the  modulus 
of  elastic  resilience,  {e)  U,  the  modulus  of  rupture- 
work.  To  compute  the  modulus  of  resilience  at  elastic 
limit  or  rupture,  divide  the  inch  pounds  of  work  done 
upon  the  beam  up  to  that  point  by  the  volume  in  cubic 
inches  of  the  part  between  the  supporting  knife  edges. 
Also  find  the  values  of  the  exponents  rr,  y,  z  and  w  in  the 
following  equations 

p»  «  (  jT-  J    Beams  of  equal  length. 

-P"      / 1  \v 

-pff^y^  I    Beams  of  equal  depth. 

T-  ■■  (  ^' )     For  equal  loads  and  equal  lengths. 
^  s  f  Y  )     ^^^  equal  loads  and  equal  depths. 
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PT  and  P''  are  loads  at  elastic  limit. 

d  and  dt  must  not  be  taken  beyond  the  elastic  limit, 
and  must  be  taken  from  line  of  corrected  deflections. 

Compnte  the  weight  per  cubic  foot  and  the  specific 
gravity,  assuming  that  the  per  cent,  of  moisture  on  the 
basis  of  dry  weight  is  12  per  cent. 

The  jBeporf.— Give  a  brief  description  of  the  method 
of  conducting  the  experiment.  On  following  pages 
present  the  measurements,  etc.,  of  the  beams;  the 
sketches  of  cross  sections  and  fractures;  the  data  ob- 
tained ;  the  diagrams,  and  then  the  computed  result  in 
tabular  form. 

Experiments  in  Tobsion. 

Ohject.—ThQ  object  of  this  experiment  is  to  study  the 
behavior  of  materials  under  torsion,  and  to  obtain  such 
data  as  will  enable  the  shearing  strength  of  the  mate* 
rial  and  its  modulus  of  elasticity  in  shear  to  be  com- 
puted. 

Material.—ThQ  material  is  to  be  supplied  by  the  in- 
structor, and  may  be  steel,  iron  or  wood,  or  other 
material. 

PreKwitiary.— Carefully  measure  the  dimensions  of 
the  cross  section  and  the  gauge  length.  Then  adjust 
the  specimen  in  the  heads  of  the  machine,  being  careful 
to  have  the  jaws  clamped  tightly  against  the  specimen, 
which  should  be  fixed  in  the  axis  of  rotation  of  the 
machine.  Then  apply  the  torsion  troptometer  to  the 
specimen  and  adjust  the  clamps  of  the  latter  so  that 
the  center  of  the  circle  of  the  graduated  arc  will  be  in 
the  axis  of  the  machine.    Apply  a  small  initial  moment 
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of  about  one  hundred  inch  pounds  and  set  to  zero  the 
graduated  arc,  and  also  the  permanent  scale  on  the 
twisting  head  of  the  machine. 

Experiment.— Apply  the  loads  continuously  in  incre- 
ment of inch  pounds.    Bead  on  the  graduated  arc 

the  movement  of  the  pointer  in  inches  for  each  incre- 
ment. When  the  increase  in  the  angle  of  torsion  is 
found  to  be  rapid,  the  elastic  limit  having  been  reached, 
the  graduated  arc  and  index  should  be  removed. 

If  only  the  elastic  properties  of  materials  are  to  be 
determined  the  specimen  may  be  removed.  Ordinarily 
the  tests  are  to  be  continued  until  the  specimen  is  rup- 
tured. The  whole  angle  of  the  twist  is  read  from  the 
fixed  scale  on  the  movable  head  of  the  machine  and 
should  be  read  for  even  loads  above  the  elastic  limit. 
The  scale  should  be  kept  balanced  and  the  maximum 
load  determined. 

Computations.— Flot  diagrams  to  suitable  scales  with 
the  twisting  moment  in  inch-pounds  as  ordinates  and 
the  angle  of  twist  in  degrees  as  abscissa.  One  of  these 
curves  will  be  drawn  with  the  magnified  abscissa  and 
will  show  the  points  up  to  the  elastic  limit.  The  other 
curves  will  be  on  a  small  scale  and  will  show  the  angle- 
moment  diagram  up  to  the  rupture.  As  in  other  ex- 
periments, the  straight  line  portion  in  the  beginning 
should  pass  through  the  origin.  If  it  does  not,  a  straight 
line  parallel  to  the  straight  line  passing  through  the 
plotted  points  should  be  drawn  through  the  origin  and 
terminating  at  the  elastic  limit. 

Mark  the  points  corresponding  to  the  elastic  limit 
and  maximum  load  on  the  curve.     Compute  (1)  the 
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shearing  strength  developed  at  the  elastic  limit  and  the 
maximum  load,  nsing  formula 

e 

Calculate  the  modulus  of  elasticity  in  shear  from  the 

formula 

->        aPs  Ip  * 

Using  the  coordinates  of  any  point  on  the  corrected 
curve  of  the  magnified  scale. 

Compute  also  the  modulus  of  elastic  resilience  and 
the  modulus  of  rupture-work. 

Report.— The  report  will  contain  (1)  a  brief  descrip- 
tion of  the  specimen  and  method  of  test,  (2)  a  tabulated 
statement  of  the  computed  and  observed  results  (rule 
a  form  to  suit  the  requirements),  (3)  a  description  of 
the  fractured  specimen,  (4)  plotted  curves  on  coordi- 
nate paper,  (5)  an  ink  copy  of  the  running  log  of  loads 
and  deformation. 

Instructions  for  Testing  Cement. 
(Short  Course.) 

The  work  will  include  two  days  in  the  laboratory,  and 
during  this  time  the  student  will  determine  the  time  of 
setting,  the  fineness  on  No.  100  and  No.  80  sieve,  and 
the  strength  of  three  to  one  mortar  in  the  case  of  a 
standard  brand  of  Portland  cement. 

Time  of  Setting. —Mix  up  neat  cement  with  enough 
water  to  render  a  paste  of  such  consistency  that  when 
placed  on  a  glass  plate  it  will  retain  its  form,  and  at 
the  same  time  by  striking  the  glass  against  the  hand 

*  See  Church's  Mechanics  of  Engineering. 
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the  paste  can  be  spread  out  without  cracking  on  the 
suface. 

Trowel  the  paste  on  the  glass  to  thin  edges,  and  set 
the  pat  thus  made  aside  in  a  damp  chamber,  and  ob- 
serve the  time  that  elapses  until  (1)  it  will  bear  the 
quarter  pound  standard  needle  without  appreciable  in* 
dentation;  (2),  the  wei^t  of  the  one  pound  standard 
needle  without  appreciable  indentation. 

Tests  for  Strength.— Mxk  up  the  mortar  consisting  of 

three  parts  standard  crushed  quartz  stone  and  one  part 

Portland  cement,  proportion  being  taken  by  weight. 

Mix  the  sand  and  cement  thoroughly  until  the  mixture 

presents  a  uniform  color.    Gauge  with  about  eight  per 

cent,  of  water  and  work  over  the  mixture  thoroughly 

about  six  times.    Tamp  in  molds  in  layers,  and  finish 

the  surface  of  the  briquette.    Record  the  initials  on 

one  corner  of  the  briquettes,  and  leave  the  briquettes 

in  the  molds.     They  will  be  taken  therefrom  by  the 

instructor  and  placed  under  water  after  twenty-four 

hours. 

Second  Day's  Work. 

At  the  laboratory  period  one  week  following,  the 
briquettes  are  to  be  taken  from  the  water  and  tested 
for  strength. 

Tests  for  Fineness  of  Grinding. Sift  about  four 
ounces  of  cement  through  No.  100  and  No.  80  sieve  and 
weigh  the  residue  left  on  the  sieves. 

The  Report.— 'Each  student  should  report  the  results 
of  the  tests  made  by  him  as  an  individual  to  determine 
the  fineness  of  grinding,  the  time  of  setting,  and  the 
strength  of  the  five  briquettes.  Reports  should  be 
made  on  blank  forms  provided  for  that  purpose. 

Special  instructions  are  issued  to  civil  engineers. 


AN  ELEMENTARY  COURSE  IN  PROPERTIES  OF 

MATERIALS. 

BY   GEORGE  L.   CHRISTENSEN, 

ABsifltant  Professor  of  Mechanical  Engineering,  Michigan  College 

of  Mines. 

Instruction  in  the  properties  of  engineering  materials 
should  have  the  following  objects  in  view : 

1.  To  illustrate  the  behavior  of  materials  under 
stress. 

2.  To  establish  clear  and  definite  conceptions  as  to 
the  meaning  of  such  fundamental  terms  as  elastic  limit, 
yield  point,  ultimate  strength,  percentage  of  elongation, 
modulus  of  elasticity,  resilience. 

3.  To  familiarize  the  student  as  far  as  possible  with 
the  methods  by  which  materials  are  tested  to  obtain 
numerical  results  indicating  their  qualities. 

4.  To  fix  in  the  memory  a  few  of  the' average  numer- 
ical values  for  the  more  common  materials  such  as  cast 
iron,  wrought  iron,  steel,  timber,  stone  and  concrete; 
thus  establishing  a  very  convenient  mental  standard  of 
reference  for  the  more  detailed  study  of  these  and  kin- 
dred materials,  and  at  the  same  time  forming  the  basis 
for  that  ready  judgment  so  essential  to  the  engineer. 

5.  To  illustrate  the  use  of  these  numerical  values  in 
simple  problems  of  designing,  thus  associating  and 
connecting  the  material  itself,  and  the  mathematical 
considerations  involved,  and  laying  the  foundation  for 
that  habit  of  thought  which  must  ever  recognize  the 
material  in  its  various  strengths  and  elasticities,  in 
every  problem  of  design. 

(279) 
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6.  To  study  the  processes  of  manuf acture,  in  so  far  as 
these  give  name  to  the  product  or  modify  its  qualities. 

7.  To  study  methods  of  protecting  and  preserving 
materials  under  conditions  of  use. 

The  class-room  instruction  should  be  fundamental, 
keeping  before  the  student  the  underlying  principles 
and  truths,  and  g^^ding  him  through  the  maze  of  exper- 
imental facts  to  habits  of  clear,  discerning,  indepen- 
dent thought;  the  laboratory,  a  means  of  illustration, 
going  hand  in  hand  with  the  class-room,  supplementing, 
reviewing,  clearing  up,  fixing  the  ideas.  It  is  the  pur- 
pose of  this  paper  to  outline  briefly  some  features  of 
the  instruction  in  this  subject  as  developed  at  the  Mich- 
igan College  of  Mines  under  the  increasing  influence  of 
this  idea  of  using  the  laboratory  as  a  means  of  illustra- 
tion in  conjunction  with  the  class-room  work.  The 
course  as  given  rims  through  twenty-three  weeks,  three 
recitations  of  fifty-five  minutes  each  per  week.  The 
text-book  is  Johnson's  **The  Materials  of  Construc- 
tion." The  class,  numbering  sixty  students,  is  divided 
into  three  sections  of  twenty  each  for  recitations,  and 
each  of  these  sections  is  again  divided  into  two  labo- 
ratory divisions  of  ten  students  each,  making  in  all  six 
laboratory  divisions.  During  a  portion  of  the  course, 
the  first  recitation  period  of  each  week  is  set  aside  for 
laboratory  illustration  work,  when,  instead  of  the  whole 
section  meeting  in  the  class-room,  one  of  the  small  labo- 
ratory divisions  of  ten  students  meets  in  the  laboratory, 
the  other  division  taking  some  other  hour  of  the  same 
day.  With  this  organization  of  the  class  it  is  possible 
to  undertake  a  series  of  tests,  the  whole  class  being 
made  familiar  with  the  plan  and  scope,  but  each  labo- 
ratory division  doing  only  a  small  part  of  the  work. 
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Beginning  the  course,  the  first  week  is  devoted  to  a 
class-room  consideration  of  definition  of  terms  and  the 
behavior  of  materials  under  tensile  stress.  In  the 
laboratory  period  of  the  second  week,  tensile  tests  are 
made  of  two  specimens  both  cut  from  the  same  wrought 
iron  or  mild  steel  bar,  one  being  rough,  one  inch  in 
diameter,  and  the  other  turned  down  to  a  smaller  size 
(Fig.  1).  The  group  of  ten  students  gathers  around 
the  testing  machine— there  is  room  enough  for  all  to 
note  everything  that  takes  place— and  each  student  is 


Fig.  I. 

required  to  keep  full  records  just  as  though  he  were 
making  the  test  individually.  This  being  the  first  test, 
the  construction  and  operation  of  the  testing  machine 
is  explained.  The  rough  bar  is  tested  first.  It  is 
marked  off  in  the  presence  of  the  class,  with  punch 
marks  an  inch  apart,  and  placed  in  the  machine.  As 
the  test  proceeds,  attention  is  first  directed  to  the  detec- 
tion of  the  yield  point  by  noting  the  drop  of  the  beam, 
then  the  breaking  down  action  is  watched  as  shown  by 
the  loosening  of  the  mill  scale,  then  interest  centers  in 
the  rapid  stretching  of  the  bar,  readily  noted  with  a  pair 
of  dividers,  and  finally,  in  turn,  the  ultimate  load,  the 

(19) 
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necking  down  action,  and  the  breaking  load  are  noted. 
The  broken  specimen  is  passed  around,  it  is  handled 
and  examined.  They  note  that  it  is  warm.  They  see 
the  form  of  fracture  and  compare  it  with  that  of  spec- 
imens pictured  in  the  text-book.  The  diameter  of  the 
broken  section  is  measured,  and,  finally,  the  broken  ends 
are  placed  together  and  the  elongation  in  lengths  of 


'  2,  3,  4,  5,  6,  7  and  8  inches  is  measured  with  a  pair  of 
dividers,  always  keeping  the  broken  section  as  near  the 
middle  of  the  measured  length  as  possible.  The  test 
of  the  other  specimen  is  then  run  through  rapidly, 
noting  all  the  results  the  same  as  for  the  first.  A 
neatly-written  report  of  these  tests  with  computed  sig- 
nificant results,  and  a  diagram  (Fig.  2),  showing  the 
variation  in  percentage  of  elongation  when  based  upon 
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diflferent  lengths,  is  required  as  a  part  of  the  next  les- 
son; and  the  broken  apecimens  find  a  place  upon  the 
class-room  table  where  they  remain  within  easy  reach, 
to  be  appealed  to  most  effectively  in  many  a  class-room 
discussion  in  the  weeks  to  come.  These  simple  tests, 
readily  carried  out  within  the  limits  of  the  hour,  have 
kept  the  little  group  of  students  keen  with  interest, 
have  thrown  new  light  upon  many  points  discussed  in 
the  text,  have  appealed  to  the  eye,  the  ear,  and  the 
sense  of  touch  as  no  amount  of  class-room  discussion 


could;  and,  finally,  have  added  a  little  of  that  time 
element  often  necessary  to  the  full  comprehension  of 
a  new  subject. 

The  third  week  finds  the  class  considering  the  be- 
havior of  materials  under  compressive  stress.  Ac- 
cordingly, the  laboratory  period  is  devoted  to  tests  in 
compression  of  wrought  iron  and  mild  steel,  as  types 
of  ductile  materials  and  sandstone,  sand-lime  brick,  and 
cast  iron  as  types  of  brittle  materials  (Fig.  3).  The 
wrought  iron  and  mild  steel  specimens  are  cut  from  the 
same  bars  as  the  tensile  specimens  (Fig.  1)  tested  the 
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<F;^^,  7.  ^.  i^  a-i  1  .  T:-e^  ihr*^  te>t>-  with  full 
rlatxi  a-  to  I^.-ad-  and  sL« •rrening--,  were  easily  finished 
wjif-iji  tLe  hoar.  TLe  s^L«»rtei::!:sr  was  mea^u^ed  with 
a  Brown  and  S'i.ar]'^  t-^-t  i!:«i:«-ai«»r  as  shown  in  Fig- 
11.     Tiii-r  iij-tr'Jii.eDt  r»-ad-  dirett'v  to  thousandths  of 

m 

an  jn^'h,  but  t^-n  thou-acdths  may  be  estimated  with 
fair  d^'jrree  of  a^-curacy.  The  metliod  of  measuring 
if^dv^rf^i'Ti  r'Oiijjin'>.-ion  bl<x'ks  pmves  sufficiently  accurate 
if  a  hiiinU  initial  load  l>e  ai»i'!ied  bt-fore  taking  the  first 
r^'ading. 

In  HHUia  manner,  during  the  lal>oratory  periods  of 
i\^(t  following  two  weeks,  the  remainder  of  the  tests 
(Fig.  4),  consisting  of  across  grain  compression  (Figs. 
I'J,  i:{  and  U),  endwise  tension,  across  grain  tension, 
and  along  the  grain  shear,  were  completed;  each  stu- 
ilent  following  a  strip  of  the  plank  throughout  its  length 
through  all  these  tests. 
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t-l*  ti' --*-, 


r>4rlj  lur  v»ri»ti<'«t  due 

-'f  rr:-rLL     Fix,  !->'-     Oo 
r' -n-:--.^:.  u.K=ji  bat  a 


*ixuf£\f.  s[>^-iirien  rfi»re>eDt.<  eaoh  actual  ooBtJitioQ.  and 
illiir^trate  quite  forciMy  some  of  the  variables  in  the 
'^treriiftli  of  titiilier.  There  is  another  variable,  how- 
(;v«r,  whi(rh  rim^t  W  reeogiiized  l)efore  results  like  these 
'-an  \xt  UHwl  intelligently  in  desieminar.  antl  that  is  the 
"tiruft  effef't."  The  .«trengtli  of  tiiul)er  for  permanent 
\»af\H  if*  only  alxjut  fifty  to  sixty  per  cent,  of  these 
values;  or,  in  otlier  words,  tlie  ultimate  strength  of 
tinilH;r  for  a  permanent  load  is  the  same  as  the  elastic 
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limit  for  a  short-time  load.  This  may  be  illustrated  to 
some  extent  by  a  test  like  that  of  the  three  oak  spec- 
imens shown  in  Fig.  4  with  diagrams  in  Fig.  16.  This, 
of  course,  cannot  be  carried  out  before  the  class  on  ac- 
count of  the  long  time  required,  but,  if  explained  in 
object  and  plan,  and  kept  going  during  the  week,  will 
arouse  much  interest  and  discussion.  The  underlying 
motive  in  all  this  testing  in  connection  with  the  class- 


FlG.    14. 

room  work  should  be  to  arouse  the  student,  to  make  him 
see  facts  and  relations  clearly,  to  make  him  think.  To 
this  end  also  some  simple  problems  in  designing  may 
be  introduced  from  time  to  time,  illustrating  the  prac- 
tical use  to  be  made  of  these  test  results.  For  instance, 
following  the  timber  tests,  the  design  of  a  low  railroad 
trestle  proves  both  interesting  and  instructive,  requir- 
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Results  of  Tests  of  White  Pine — Sebies  B — Propebties  of 

Materials,  1004. 

Endwise  Compression, 


• 

'Si  o 

— 

Bl 

B4 

B6 

> 
< 

&So 

B2 

B3 

B5 

Elastic 

Dry 

3,300 

3,000 

3,300 

3,800 

3,200 

3,400 

3,330 

3.47 

B7 

B8 

B9 

BIO 

Bll 

B12 

Limit 

Norm. 

3,200 

2.900 

2,800 

3,000 

2,700 

2,900 

2,917 

3.04 

B13 

B14 

B15 

B16 

B17 

B18 

Wet 

1,200 
Bl 

850 
B2 

850 
63 

1,100 
B4 

1,150 
B5 

600 
~B6 

958 

1 

Ultimate 

Dry 

5,600 

6,250 

6,600 

6,840 

6,080 

6,830 

6,100 

2.85 

B7 

B8 

B9 

BIO 

Bll 

B12 

Strength 

Norm. 

3,930 

4,690 

4,290 

5,110 

4,820 

4,310 

4,525 

2.06 

B18 

B14 

B15 

B16 

BIT 

B18 

Wet 

1,980 
Bl 

2,210 

2,280 
B3 

2,280 

2,260 
'b5 

1,820 

2,138 

I 

B2 

B4 

B6 

Dry 

885,000 

1,050,000 

1,055,000 

1.025,000 

1,010,000 
till 

870,000 

982,500 

1.27 

Modulus 

B7 

B8 

B9 

BIO 

B12 

of 

Norm. 

830,000 

965,000 

1,000,000 

1,040,000 

950,000 

820,000 

934,200 

1,21 

Elasticity 

B13 

B14 

B15 

B16 

B17 

B18 

Wet 

626,000 

895,000 

840,000 

890,000 

700,000 

670,000 

770,200 

1 

Across  Orain  Compression, 


B19 

B20 

621 

Dry 

210 

300 

235 

248 

2.56 

Elastic 

B22 

B23 

621 

Limit 

Norm. 

B25 

160 

B26 

300 

627 

200 

220 

2.27 

Wet 

B19 

80 

B20 

130 

80 

97 

1 

621 

Dry 

475 

586 

475 

512 

2.75 

Ultimate 

B22 

B23 

624 

Strength 

Norm. 

B25 

390 

B26 

500 

627 

403 

431 

2.32 

Wet 

B19 

159 

2:0 

621 

179 

186 

1 

B20 

Modulus 

of 
Elasticity 

Dry 

B22 

17,960 

B23 

33,000 

624 

21,800 

24,250 

2.42 

Norm. 

B25 

15,000 

626 

23,000 

627 

18,300 

18,770 

1.88 

Wet 

B28 

8,650 

10,400 

10,960 

10,000 

1 

B29 

680 

Along 

Dry 

948 

1,016 

941 

968 

2.06 

Grain 

B31 

632 

633 

Shearing 

Norm. 

886 

983 

863 

911 

1.99 

Strength 

B34 

635 

636 

1 

Wet 

B37 

416 

497 

639 

460 

458 

_ 

638 

Across 

Drv 

280 

220 

316 

272 

1.31 

Grain 

B40 

641 

642 

Tensile 

Norm. 

159 

194 

277 

210 

1.01 

Strength 

B43 

644 

645 

Wet 

208 

146 

266 

2   07 

1 
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11.  Flexure  Test  of  Concrete  and  Beinforoed  Con- 
crete. 

12.  Torsion  Test  of  Steel. 

13.  Impact  Tests. 

14.  Cement  Tests. 

15.  Specific  Gravity  of  Cement. 

16.  Wire  Bope  Test— Test  of  Separate  Wires. 

17.  Wire  Rope  Test— Entire  Bope. 

18.  Cloth  and  Yam  Test. 

19.  Belt  Testing. 

20.  Cold  and  Qnench  Bending  Test 

21.  Hard  and  Soft  Steel  Flexural  Test. 

22.  Effect  of  Overstrain  and  Subsequent  Annealing. 

23.  Battler  Test  for  Brick. 

24.  Analysis  of  Data. 

25.  Test  of  Draft  Bigging. 

26.  Test  of  Couplers. 

27.  CaUbration. 

FOBMS  AND   InSTBUCTIOKS. 

It  is  recognized  that  instruction  in  a  laboratory  for 
testing  materials  demands  a  more  constant  supervision 
and  closer  attention  on  the  part  of  the  instructor  than 
is  the  case  in,  for  instance,  a  steam  laboratory,  since 
the  operations  of  placing  material  in  the  machine  and 
attaching  micrometers  differ  with  nearly  every  exper- 
iment. Furthermore,  the  attention  of  the  student 
should  be  called  to  the  phenomena  which  occur  in  the 
material  under  test.  Due  to  necessity,  however,  of  or- 
ganizing the  work  for  the  handling  of  large  sections, 
it  is  necessary,  as  far  as  possible,  to  prepare  forms 
directing  the  operations  of  the  student  and  instructing 
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him  with  reference  to  the  preparation  of  the  reports. 

Such  reports  in  general  should  state  the  purpose  of  the 
experiment,  the  material  supplied,  the  methods  of  tests, 
a  presentation  of  the  actual  data,  analysis  and  exhibi- 
tion of  the  data  in  the  form  of  diagrams,  and  finally 
the  conclusion,  or  comparison  of  the  results  with  stan- 
dard results.  It  is  not  the  author's  belief  that  the  stu- 
dent's time  is  profitably  used  in  making  elaborate  draw- 
ings of  machines  and  apparatus  used,  and  it  is  his  prac- 
tice to  do  away  as  far  as  possible  with  merely  clerical 
work  on  the  part  of  students  by  supplying  the  proper 
forms. 

There  is  here  appended  a  number  of  directions  for 
perf onmng  the  more  important  experiments  in  the  lab- 
oratory. Such  instructions  are  suppUed  to  students  in 
their  work.  These  are  ofiFered  with  the  hope  that  they 
may  prove  of  use  to  other  instructors,  and  with  the 
desire  to  obtain  criticism  upon  the  methods  therein 
outlined.  The  forms  are  not  complete  for  all  the  exper- 
iments, but  the  main  experiments  are  included. 

Tension  Test  op  Ibon  and  Steel. 

I.  Purpose  of  the  Experiment. 

The  experiment  is  intended  to  represent  the  con- 
ditions obtaining  in  an  ordinary  commercial  test  with 
the  exception  that  the  speed  of  descent  of  the  pulling 
head  of  the  testing  machine  is  much  slower  than  cus- 
tomary in  commercial  laboratories.  The  exx>eriment 
will  determine  the  strength  and  ductility  of  the  mate- 
rial which  are  the  common  measures  of  quality.  The 
kind  and  classification  of  the  material  supplied  may  be 
known  from  the  results  of  the  experiment 
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n.  Preliminary. 

1.  Note  the  serial  niimber  or  mark  on  the  spedmen. 
2«  With  vernier  or  micrometer  calipers  measure  the 
average  dimensions  of  the  cross  section. 

3.  Lay  off  gange  leng^  of  eight  inches,  eadi  inch 
being  marked  by  a  light  center  pnnch  mark. 

4.  Carefnlly  balance  the  testing  machine  and  then 
insert  the  test-piece  in  the  wedges,  being  careful  that 
the  test-piece  is  centrally  disposed  in  the  axis  of  the 
machine,  and  that  the  ends  of  the  test  bar  project 
sli^tly  beyond  the  wedges.  Orip  the  wedges  by  ap- 
plying a  load  of  about  500  pounds.  Chalk  a  small  area 
of  the  bar  near  the  upper  gauge  mark.  Before  pro- 
ceeding with  the  test  allow  the  instructor  to  inspect 
the  work. 

m.  Operations  in  Testing. 

One  student  should  insert  one  leg  of  a  pair  of  dividers 
in  the  lower  gauge  mark  and  scribe  a  line  with  the  upper 
leg  on  the  area  previously  chalked.  Apply  the  load  at 
a  low  and  uniform  speed  and  operate  the  poise  so  as  to 
keep  the  scale  beam  floating. 

The  operator  with  the  dividers  should  notify  the 
operator  at  the  poise  when  the  width  of  the  scribed 
line  increases  perceptibly  due  to  sudden  increase  in 
the  rate  of  stretching  of  the  test  bar  under  the  load. 
At  this  time  the  beam  may  be  expected  to  drop  sud- 
denly and  remain  down.  This  increase  in  elongation 
without  a  corresponding  increase  in  loads  is  the  '^  yield 
point,*'  or  commercially,  the  "elastic  limif  It  is  a 
point  beyond  the  true  elastic  limit  as  obtained  in  exper- 
iment No.  3. 

During  a  further  stretching  of  the  bar  the  beam  will 
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again  rise  and  should  be  kept  floating  np  to  the  max- 
imnm  load.  At  this  maximmn  load  the  bar  begins  to 
neck  in,  the  material  becoming  plastic  at  the  point  of 
the  formation  of  the  neck.  Record  in  the  report  the 
yield  point  and  the  maximum  load. 

IV.  Measurements  after  Tests. 

Lay  the  broken  ends  of  the  bar  together  and  deter- 
mine the  increase  in  elongation  of  the  gauge  length. 
Measure  the  dimensions  of  the  fractured  area.  Deter- 
mine the  rate  of  descent  of  the  pulling  head  of  the  ma- 
chine. Describe  the  appearance  of  the  fracture  and 
determine  the  distance  from  the  extreme  gauge  point. 

V.  Calculations. 

Calculate  the  ultimate  strength. 

T-r...      .      .         .,       maximum  load 

Ultimate  strength  =  — r-. — ; 

original  area 

Calculate  the  yield  point. 

Yield  pomt=l??^^i^lZ^^iP^* 

original  area 

Calculate  the  per  cent,  of  elongation  and  per  cent. 

of  contraction  of  area. 

Per  cent,  contraction  of  area 

original  area— area  of  neck 

^-T—. XlOO 

original  area 

By  reference  to  various  specifications  on  file  in  the 
laboratory  determine  the  kind  and  classification  of  the 
material  in  the  specimen. 

In  case  the  fracture  is  outside  the  middle  third  of  the 
gauge-length,  the  per  cent,  of  elongation  is  to  be  com- 
puted on  the  assumption  that  the  elongation  is  sym- 


206 

metrkal  on  eacb  side  of  the  DedL    This  should  be  noted 
on  the  reporL 

VL  Report. 

Report  consists  in  filling  oat  the  hUnk  form  snpplied 
for  the  test  (except  as  indicated  br  the  instmctor.) 


Tsssioir  Test  with  HjonnsG  Pockkt  Bbodid] 

Ohject.—To  determine  the  projierties  of  material 
from  load-elongation  diagram  drawn  by  apparatus. 

Preparation.— Ascertain  magnification  of  the  lever 
in  the  apparatus.  Set  the  lever  stop  with  a  clearance 
of  0.03  inches.  Measure  and  lay  off  specimen  as  for  a 
regular  tension  experiment.  Place  the  test  bar  in  the 
wedges  of  the  machine  and  adjust  the  apparatus  under 
the  direction  of  the  instructor.  Wedges  must  be 
blocked  to  prevent  their  flying  out  ui>on  rupture  of  the 
specimen* 

Experiment.— Rxm,  out  the  poise  by  steps  of  4,000 
pounds  and  allow  the  apparatus  to  draw  a  scale  of  loads 
on  the  card  up  to  50,000  pounds.  Apply  the  load  with 
the  intermediate  speed,  keeping  the  beam  floating  until 
the  specimen  b  broken.  Note  the  load  in  pounds  at  the 
yield  limit  and  the  maximum  limit. 

Computation.—The  card  is  completed  by  drawing  the 
elongation  axis  through  the  zero  of  loads  and  at  right 
angles  to  the  load  axis,  and  also  a  straight  line  from  the 
rupture  point  perpendicular  to  the  elongation  axis. 

The  load  at  yield  limit  and  Tnaximum  limit  are  scaled 
from  the  card  and  checked  by  observations  taken  during 
the  test.  The  per  cent,  of  elongation  obtained  by  the 
measurements  on  the  fractured  specimen  is  to  be 
checked  by  scaling  from  the  card.    The  work  of  defor- 
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mation  up  to  any  point  may  be  obtained  from  the  area 
in  square  inches  under  the  curve  up  to  the  point  in 
question  by  multiplying  this  area  by  the  scale  value  in 
inch-pounds  of  each  square  inch  of  card.  This  product 
divided  by  the  volume  of  the  specimen  between  the 
gauge  points  will  be  the  ' '  rupture-work'  *  in  inch-pounds 
per  cubic  inch. 

Compare  the  value  of  resilience  by  the  card  with  the 
values  as  obtained  from  the  following  formulae : 

Elastic  Resilience =-£ 

2E 

per  cent,  elongation  (T"  +  21') 


Rupture-work  =  ^^^ 

^  300 

Where  T"  and  T'  equal  the  stress  in  pounds  per 
square  inch  at  elastic  limit  and  maximum  load  respec- 
tively,  and  E  is  the  modulus  of  elasticity,  E  cannot 
generally  be  accurately  determined  from  the  card. 
(See  instructor  for  assumed  value.) 

N.  B.— Be  sure  to  record  on  the  data  sheet  the  serial 
number  of  the  specimen  before  placing  it  in  the  wedges 
of  the  machine.  Make  sure  that  the  magnification  of 
the  lever  is  taken  account  of  in  all  measurements  in- 
volving this  magnification.  The  beam  must  be  kept 
fioating  throughout  the  experiment  even  after  the  max- 
imum load  has  been  reached. 

Tension  Test  with  Extensometeb. 

Object.— la  this  experiment  the  elastic  properties  of 
metals  in  tension  are  determined. 

Method.—GaxetuUj  measure  and  prepare  each  spec- 
imen as  for  regular  tension  test  (note  the  serial  number 
on  the  specimen).    Grip  the  piece  in  the  wedges  by 
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applying  a  load  of  about  one  hundred  pounds  (the  ma- 
chine having  been  previously  balanced).  Apply  and 
adjust  the  extensometer,  and  (after  having  had  the  ap- 
paratus inspected  by  the  instructor)  proceed  with  the 

test.    Apply  load  in  increments  of pounds  per 

square  inch  (an  increment  sufficient  to  produce  fifteen 
measurements  of  extension  up  to  the  elastic  limit)  and 
measure  the  total  elongation  at  each  load  increment. 

After  reaching  a  sudden  and  large  increase  in  elon- 
gation, remove  the  extensometer  and  apply  load  until 
specimen  is  ruptured.    Note  the  maximum  load. 

Computations.— Gonstnict  a  diagram  with  load  in 
pounds  per  square  inch  as  ordinates  and  elongation  in 
inches  per  inch  as  abscissae.  Draw  a  straight  line  aver- 
aging the  points  up  to  the  more  rapid  increase  in  elon- 
gatioUy  and,  tangent  to  the  straight  line,  draw  a  smooth 
curve  averaging  the  remaining  points.  Ordinarily,  the 
straight  line  of  plotted  points  will  not  pass  through 
the  origin.  Draw  through  the  origin  a  line  parallel 
to  the  straight  line  of  plotted  points.  This  line  repre- 
sents the  true  relation  between  stress  and  strain.  Mark 
the  elastic  limit  x  on  the  two  straight  lines  at  the  value 
of  the  ordinate  at  the  point  of  tangency  between  the 
straight  line  of  plotted  points  and  the  smooth  curve. 

The  modulus  of  elasticity  is  the  stress  in  pounds  per 
square  inch  divided  by  the  elongation  in  inches  per 
inch  at  any  point  on  the  straight  line  through  the  origin. 
It  is  most  convenient  to  select  an  abscissa  of  elonga- 
tion of  one  part  in  1,000,  and  multiply  the  corresponding 
stress  by  1,000  to  obtain  the  modulus  of  elasticity. 

The  modulus  of  elastic  resilience  is  the  amount  of 
work  done  on  each  cubic  inch  of  the  specimen  in  de- 
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forming  it  to  the  elastic  limit.  It  may  be  taken  as  the 
area  (in  inch-pounds)  under  the  straight  line  up  to 
elastic  limit;  or  it  may  be  calculated  by  the  formula 
iT"e"  where  T"  and  e"  are  the  stress  and  relative  elon- 
gation respectively  at  the  elastic  limit,  and  must  be 
measured  on  the  line  passing  through  the  origin. 

Per  cent,  of  elongation  and  of  reduction  of  area  are 
determined  as  in  the  simple  tension  test. 

JBepori.— The  report  will  consist  of  (1)  tension  test 
blanks  (furnished  by  instructor)  properly  filled  out,  (2) 
plotted  curves  with  titles  and  scales  shown,  (3)  ink 
copies  of  running  log. 

Mention  the  form  of  extensometer  used. 

^0^65.— The  extensometers  are  delicate  instruments 
and  must  be  handled  carefully.  Any  roughness  of 
usage  or  lack  of  delicacy  in  manipulation  will  result  in 
unsatisfactory  diagrams.  Be  sure  that  the  test  bar  is 
straight. 

Compression  Test  of  Vabious  Matebials. 

The  purposes  of  this  experiment  are:  To  obtain 
knowledge  of  the  proper  methods  of  testing  materials 
in  compression;  of  the  crushing  strength  of  such  mate- 
rials ;  and  of  the  characteristic  forms  of  fracture. 

Preliminary.—  (1)  Before  testing  any  specimen  care- 
fully measure  its  height  and  cross  section. 

(2)  When  brick,  stone,  concrete,  or  cement  specimens 
are  to  be  tested  they  should  be  carefully  bedded  either 
with  blotting  paper  or  with  plaster  of  Paris.  To  bed 
a  specimen  with  plaster  of  Paris,  have  the  testing  ma- 
chine balanced,  and  the  head  down  so  far  that  it  will 
clear  the  specimen  only  about  one  inch  or  two.    Then 
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mix  up  some  plaster  of  Paris  and  water  to  a  very  thick, 
creamy  consistency.  Spread  a  thin  layer  of  this  on 
paper  placed  upon  the  spherical  bearing  of  the  machine 
and  cover  it  with  a  piece  of  tough  sized  paper,  upon 
which  the  specimen  should  then  be  placed.  The  paper 
is  to  keep  the  water  of  the  plaster  out  of  the  specimen. 
Upon  another  similar  piece  of  paper  a  similar  pad  of 
the  plaster  should  be  spread  covered  with  another 
piece  of  paper  to  form  a  pad,  and  the  pad  then  placed 
upon  the  specimen.  The  head  of  the  machine  should 
then  be  run  down  rapidly  until  it  presses  upon  the 
plaster  sufficiently  to  cause  it  to  flow,  thus  insuring  a 
good  bedding.  With  the  trowels  now  fill  up  all  the 
open  spaces  about  the  edges  of  tiie  specimen  near  the 
faces  of  the  machine.  After  letting  the  plaster  set  ten 
or  twelve  minutes,  the  specimen  is  ready  to  be  com- 
pressed. The  spherical  bearing  should  also  be  used. 
Have  the  work  inspected  by  the  instructor  before  pro- 
ceeding. 

In  the  case  of  other  materials  see  that  the  ends  of 
the  specimen  admit  of  a  good  even  bearing  in  the 
machine. 

The  Test.— Using  the  slowest  speed  available,  now 
compress  the  specimen,  meanwhile  keeping  the  scale 
beam  floating ;  and  watch  carefully  the  behavior  of  the 
specimen. 

Computation.— Compute  the  stress  in  pounds  per 
square  inch  at  first  crack,  and  at  maximum  load. 

jRepor*.— Report  should  cover: 
Description  of  material.  Method  of  test. 

Size  of  material.  Results. 

Results.— hoad  and  crushing  strength  at  first  cradc 
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and  at  maximum  load  or  failure.  Sketch  form  of  frac- 
ture. 

Comparison  of  results  with  standard  values.  (See 
instructor. ) 

Compression  of  MAXEBiiXfi. 
{Using  Compressometer.) 
(See  also  instructions  6a.) 

Object.— In  addition  to  determining  the  maximum 
strength  in  compression,  as  in  other  compression  tests, 
it  is  intended  in  this  experiment  to  find  the  strength  at 
elastic  limit,  the  modulus  of  elasticity,  the  modulus  of 
elastic  resilience  and  total  rupture-work. 

Operations  in  Te^fw^.— Proceed  as  in  other  compres- 
sion tests  except  that  the  load  is  applied  in  increments 

of poxmds  (about  one  twentieth  of  the  probable 

maximum  load)  and  the  total  amount  of  compression  at 
each  increment  is  measured  by  a  compressometer.  ( Use 
slowest  speed  of  the  machine.) 

C amputations. —Vloi  points  with  load  in  pounds  for 
ordinates  and  compression  in  inches  for  abscissae.  If 
possible  draw  a  straight  line  averaging  the  points  pre- 
ceding the  more  rapid  compression;  and,  tangent  to 
this  straight  line,  draw  a  smooth  curve  averaging  the 
remaining  points.  (Consult  instructor  before  inking 
in  these  lines.)  Mark  the  points  of  maximum  load 
(which  latter  is  the  point  of  tangency  of  the  straight 
line  and  the  elastic  limit  smooth  curve)  by  x.  Then 
draw  a  line  through  the  origin  parallel  to  the  straight 
line  previously  drawn  through  the  plotted  points.  (Do 
not  continue  this  line  parallel  to  plotted  curve.)  Mark 
the  point  of  elastic  limit  on  corrected  line. 
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The  modulus  of  elasticity  is  calculated  from  the 

PI 
formula  E  =  —  where  P  and  A  are  the  load  in  pounds 

and  compression  in  inches  respectively,  for  any  point 
on  the  corrected  line ;  F  is  the  square  inches  of  cross- 
sectional  area  of  the  specimen,  and  I  is  the  gauge-length 
in  inches  of  the  specimen. 

The  moduli  of  elastic  resilience  and  of  rupture-work 
are  the  work  done  on  each  cubic  inch  of  material  in 
deforming  it  up  to  the  elastic  limit  and  ultimate  strength 
respectively.  These  moduli  may  be  obtained  from  the 
curve  of  plotted  points  by  multiplying  the  area  under 
the  curve  (up  to  the  point  considered)  by  the  scale  value 
of  each  unit  area  of  the  coordinate  paper,  and  dividing 
the  result  by  the  volume  of  the  specimen.  This  will  be 
the  modulus  of  elastic  resilience  or  the  rupture-work. 

Report.— The  report  will  contain  (1)  a  brief  and  clear 
statement  of  the  kind  and  condition  of  materials  tested, 
(2)  the  methods  of  applying  the  loads  and  measuring 
deformations,  (3)  any  peculiarity  in  the  behavior  of 
the  specimen,  and  (4)  a  comparison  of  the  properties  of 
the  material  as  obtained  from  the  test  with  values  re- 
corded in  reference  books,  etc.  The  character  and  form 
of  fracture  should  be  described  and  also  shown  by 
sketch. 

The  report  will  also  contain  a  tabulation  of  results. 

Flexure  of  Wooden  Beams. 

The  purpose  of  the  experiment  are : 

1.  To  obtain  knowledge  of  strength  and  method  of 
failure  of  materials. 

2.  A  comparison  of  results  with  theoretical  laws  of 
flexure. 
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3.  Practice  in  computing  strength  of  beams. 

Preliminary. --MsAeiial  will  consist  of  three  sticks  of 
wood:  (a)  2x2x36  inches;  (6)  2x4x36  inches;  (c) 
2  X  2  X 18  inches. 

1.  Note  the  serial  numbers  or  marks  on  each  specimen. 

2.  Measure  and  weigh  each  specimen  and  count  the 
number  of  annual  rings  per  radial  inch. 

3.  Make  sketches  showing  end  views  with  direction  of 
annual  rings,  sap  and  heart  wood.  Note  any  defects 
such  as  knots,  season  checks,  crooked  grain,  rot,  etc. 

4.  Mark  the  center  lines  and  span  lengths. 

5.  Place  the  beam  upon  the  knife  edges,  using  steel 
strips  to  prevent  knife  edges  from  crushing  the  wood, 
and  rollers  to  prevent  chain  action.  Balance  the  ma- 
chine and  apply  a  small  initial  load  and  place  a  defiec- 
tometer  under  the  center  of  the  beam  or  else  hang  a 
special  deflectometer  on  pins  in  the  neutral  axis  over 
the  knife  edges.  For  a  considerable  deflection  a  wire 
stretched  between  these  pins  and  a  scale  attached  to 
the  beam  at  center  will  suffice.  Bring  wire  to  coincide 
with  its  image  in  scale  to  avoid  parallax. 

The  Test.— Compute  the  probable  breaking  load  and 
apply  this  in  about  twenty  increments  and  read  the 
total  deflection  at  each  increment.  If  care  is  exercised 
in  keeping  the  beam  balanced  near  point  of  failure,  it 
will  be  possible  to  get  the  correct  load  and  deflection  for 
failure  even  though  this  does  not  take  place  at  one  of 
the  regular  load  increments.  Note  the  nature  of  the 
failure  of  the  beam  and  sketch  the  failure. 

Working  up  the  Data.—  {1)  On  section  paper  plot 
points  using  load  in  pounds  for  ordinates  and  deflection 
in  inches  for  abscissae.    Use  a  separate  sheet  for  each 

(18) 


274        LABORATORY   COURSE  IN   TESTIKG   MATERIALS. 

curve.  Choose  scales  such  that  the  slope  of  the  diagram 
near  the  origin  shall  be  about  sixty  degrees.  E^ch  di- 
vision of  the  paper  must  represent  a  decimal  increment. 
Plot  each  point  plainly.  Draw  a  straight  line  aver- 
aging those  points  whidi  precede  the  more  rapid  in- 
crease in  deflection.  Tangent  to  this  line  draw  a  smooth 
curve  averaging  the  subsequent  points.  Mark  on  the 
curve  the  elastic  limit  and  the  load  at  failure,  $.  e.,  the 
mayimum  load.  If  the  straight  part  of  the  curve  does 
not  pass  through  the  origin,  draw  through  the  origin  a 
dotted  line  parallel  to  the  first.  This  line  will  repre- 
sent the  relation  between  the  load  and  corrected  deflec- 
tion. 

(2)  Compute  (a)  the  modulus  of  elasticity  E  by  use 
of  formula  4,  page  254,  Church's  Mechanics  of  Engi- 
neering (d  and  P  are  taken  from  any  point  on  the  cor- 
rected line),  (b)  R",  the  fiber  stress  at  elastic  limit, 
(c)  R,  the  fiber  stress  at  rupture,  {d)  XJ"j  the  modulus 
of  elastic  resilience,  (e)  U,  the  modulus  of  rupture- 
work.  To  compute  the  modulus  of  resilience  at  elastic 
limit  or  rupture,  divide  the  inch  pounds  of  work  done 
upon  the  beam  up  to  that  point  by  the  volume  in  cubic 
inches  of  the  part  between  the  supporting  knife  edges. 
Also  find  the  values  of  the  exponents  x,  y,  z  and  w  in  the 
following  equations 

7>'  *"  (  A  )  ^^^^^  ^^  equal  length. 

pT/  =  {  t'  )  Beams  of  equal  depth. 

^  -=  f  ^M  For  equal  loads  and  equal  lengths. 

^  =  (  y  J  For  equal  loads  and  equal  depths. 
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F!  and  P"  are  loads  at  elastic  limit. 

d  and  df  must  not  be  taken  beyond  the  elastic  limit, 
and  must  be  taken  from  line  of  corrected  deflections. 

Compute  the  weight  per  cubic  foot  and  the  specific 
gravity,  assuming  that  the  per  cent,  of  moisture  on  the 
basis  of  dry  weight  is  12  per  cent. 

The  Report— Give  a  brief  description  of  the  method 
of  conducting  the  experiment.  On  following  pages 
present  the  measurements,  etc.,  of  the  beams;  the 
sketches  of  cross  sections  and  fractures;  the  data  ob- 
tained ;  the  diagrams,  and  then  the  computed  result  in 
tabular  form. 

EXPEBIMENTS  IN    ToBSION. 

Object— The  object  of  this  experiment  is  to  study  the 
behavior  of  materials  under  torsion,  and  to  obtain  such 
data  as  will  enable  the  shearing  strength  of  the  mate- 
rial and  its  modulus  of  elasticity  in  shear  to  be  com- 
puted. 

Material.— The  material  is  to  be  supplied  by  the  in- 
structor, and  may  be  steel,  iron  or  wood,  or  other 
material. 

Preliminary.— CsLTetuHj  measure  the  dimensions  of 
the  cross  section  and  the  gauge  length.  Then  adjust 
the  specimen  in  the  heads  of  the  machine,  being  careful 
to  have  the  jaws  clamped  tightly  against  the  specimen, 
which  should  be  fixed  in  the  axis  of  rotation  of  the 
machine.  Then  apply  the  torsion  troptometer  to  the 
specimen  and  adjust  the  clamps  of  the  latter  so  that 
the  center  of  the  circle  of  the  graduated  arc  will  be  in 
the  axis  of  the  machine.    Apply  a  small  initial  moment 
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Co«i|w<^t<m^.— Kot  diagrazcs  to  ^citable  soles  vitii 
th^  twbtiing  ir.oiDeL't  in  mch-poFODds  as  ordmates  and 
tte  angie  of  twist  in  degrees  as  abscissa.  One  of  tbese 
enrvef^.  wl'A  be  drawn  with  the  magnified  ahpriflsa  and 
will  nbow  the  points  op  to  the  elastic  limit.  The  odier 
cnrv^  will  be  on  a  small  scale  and  will  show  the  an^e- 
n^mtetit  drngrsm  np  to  the  mptm^  As  in  oflier  ex- 
p^rifnentMf  the  straight  line  portion  in  the  beginning 
i^hould  pass  tiirongfa  the  origin.  If  it  does  not,  a  straight 
lin4^  parallel  to  the  straight  line  passing  throng  the 
plotted  points  should  be  drawn  throng^  the  origin  and 
terminating  at  the  elastic  limit 

Mark  the  points  corresponding  to  the  elastic  limit 
and  maximum  load  on  the  curve.     Compute  (1)  the 
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shearing  strength  developed  at  the  elastic  limit  and  the 
maximum  load,  nsing  formula 

e 
Calculate  ihe  modulus  of  elasticity  in  shear  from  the 

formula 

aPsIp* 
Pa  =  -j- 

Using  the  coordinates  of  any  point  on  the  corrected 
curve  of  the  magnified  scale. 

Compute  also  the  modulus  of  elastic  resilience  and 
the  modulus  of  rupture-work. 

Report. —The  report  will  contain  (1)  a  brief  descrip- 
tion of  the  specimen  and  method  of  test,  (2)  a  tabulated 
statement  of  the  computed  and  observed  results  (rule 
a  form  to  suit  the  requirements),  (3)  a  description  of 
the  fractured  specimen,  (4)  plotted  curves  on  coordi- 
nate paper,  (5)  an  ink  copy  of  the  running  log  of  loads 
and  deformation. 

Instructions  fob  Testing  Cement. 
(Short  Course.) 

The  work  will  include  two  days  in  the  laboratory,  and 
during  this  time  the  student  will  determine  the  time  of 
setting,  the  fineness  on  No.  100  and  No.  80  sieve,  and 
the  strength  of  three  to  one  mortar  in  the  case  of  a 
standard  brand  of  Portland  cement. 

Time  of  Setting.— Mix  up  neat  cement  with  enough 
water  to  render  a  paste  of  such  consistency  that  when 
placed  on  a  glass  plate  it  will  retain  its  form,  and  at 
the  same  time  by  striking  the  glass  against  the  hand 

*  See  Church's  Mechanics  of  Engineering. 
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the  paste  ean  be  spread  out  vitfaont  aaddiig  oo  the 


Troirel  the  paste  oo  the  ^ass  to  thin  edges,  and  set 
the  pat  thus  made  aside  in  a  damp  chamber,  and  ob- 
serre  the  time  that  elapses  mitil  (1)  it  will  bear  tiie 
quarter  pomid  standard  needle  without  appreciable  in- 
dentation; (2),  the  weight  of  the  one  poond  standard 
needle  without  appreciable  indentati<m. 

Tests  for  Strength.^^Sixsi  np  the  mortar  consisting  of 
three  parts  standard  crashed  qnartz  stxme  and  one  part 
Portland  cement,  proportion  being  taken  by  weight 
Mix  the  sand  and  cement  thorong^ilT  nntil  the  mixture 
presents  a  uniform  color.  Gauge  with  about  eight  per 
oenL  of  water  and  work  over  the  mixture  tiiorougfaly 
about  six  times.  Tamp  in  molds  in  layers,  and  finish 
the  surface  of  the  briquette.  Record  the  initials  on 
one  comer  of  the  briquettes,  and  leave  the  briquettes 
in  the  molds.  They  will  be  taken  therefrom  by  the 
instructor  and  placed  under  water  after  twenty-four 
hours. 

Second  Day's  Work. 

At  the  laboratory  period  one  week  following,  the 
briquettes  are  to  be  taken  from  the  water  and  tested 
for  strength. 

Tests  for  Fineness  of  Grinding.Sift  about  four 
ounces  of  cement  through  No.  100  and  No.  80  sieve  and 
weigh  the  residue  left  on  the  sieves. 

The  Report.— 'Eiach  student  should  report  the  results 
of  the  tests  made  by  him  as  an  individual  to  determine 
the  fineness  of  grinding,  the  time  of  setting,  and  the 
strength  of  the  five  briquettes.  Reports  should  be 
made  on  blank  forms  provided  for  that  purpose. 

Special  instructions  are  issued  to  dvil  engineers. 


AN  ELEMENTARY  COURSE  IN  PROPERTIES  OP 

MATERIALS. 

BY   GEORGE   L.   CHRISTENSEN, 

Aflsistiuit  Professor  of  Mechanical  Engineering,  Michigan  College 

of  Mines. 

Instruction  in  the  properties  of  engineering  materials 
should  have  the  following  objects  in  view : 

1.  To  illustrate  the  behavior  of  materials  under 
stress. 

2.  To  establish  clear  and  definite  conceptions  as  to 
the  meaning  of  such  fundamental  terms  as  elastic  limit, 
yield  point,  ultimate  strength,  percentage  of  elongation, 
modulus  of  elasticity,  resilience. 

3.  To  familiarize  the  student  as  far  as  possible  with 
the  methods  by  which  materials  are  tested  to  obtain 
numerical  results  indicating  their  qualities. 

4.  To  fix  in  the  memory  a  few  of  the' average  numer- 
ical values  for  the  more  common  materials  such  as  cast 
iron,  wrought  iron,  steel,  timber,  stone  and  concrete; 
thus  establishing  a  very  convenient  mental  standard  of 
reference  for  the  more  detailed  study  of  these  and  kin- 
dred materials,  and  at  the  same  time  forming  the  basis 
for  that  ready  judgment  so  essential  to  the  engineer. 

5.  To  illustrate  the  use  of  these  numerical  values  in 
simple  problems  of  designing,  thus  associating  and 
connecting  the  material  itself,  and  the  mathematical 
considerations  involved,  and  laying  the  foundation  for 
that  habit  of  thought  which  must  ever  recognize  the 
material  in  its  various  strengths  and  elasticities,  in 
every  problem  of  design. 

(279) 
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th^  oth^T  dlrision  taking  some  other  boor  of  the  suae 
dar.  With  this  organization  of  the  class  it  is  possiMe 
16  nnrkrtake  a  series  of  tests,  the  whole  dass  heing 
rasule  familiar  with  the  plan  and  scope,  but  each  labo- 
raV>r7  fiivhlon  doing  onlv  a  small  part  of  the  work. 
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Beginning  the  course,  the  first  week  is  devoted  to  a 
class-room  consideration  of  definition  of  terms  and  the 
behavior  of  materials  under  tensile  stress.  In  the 
laboratory  period  of  the  second  week,  tensile  tests  are 
made  of  two  specimens  both  cut  from  the  same  wrought 
iron  or  mild  steel  bar,  one  being  rough,  one  inch  in 
diameter,  and  the  other  turned  down  to  a  smaller  size 
(Fig.  1).  The  group  of  ten  students  gathers  around 
the  testing  machine— there  is  room  enough  for  all  to 
note  everything  that  takes  place— and  each  student  is 


Fia.  1. 

required  to  keep  full  records  just  as  though  he  were 
making  the  test  individually.  This  being  the  first  test, 
the  construction  and  operation  of  the  testing  machine 
is  explained.  The  rough  bar  is  tested  first.  It  is 
marked  off  in  the  presence  of  the  class,  with  punch 
marks  an  inch  apart,  and  placed  in  the  machine.  As 
the  test  proceeds,  attention  is  first  directed  to  the  detec- 
tion of  the  yield  point  by  noting  the  drop  of  the  beam, 
then  the  breaking  down  action  is  watched  as  shown  by 
the  loosening  of  the  mill  scale,  then  interest  centers  in 
the  rapid  stretching  of  the  bar,  readily  noted  with  a  pair 
of  dividers,  and  finally,  in  turn,  the  ultimate  load,  the 

(19) 


:i,  -J.  4.  -x  ';.  7  and  •»  iii'-he*  is  nit^a-urvl  with  a  pair  of 
'Ir.'i'lcrr.  always  kef-pine  the  bn-ken  >ei'tion  as  Dear  the 
Hi:'J']>  of  t!;e  rnea-urwJ  leneth  as  jK^sj-iMe,  The  test 
iiT  the  other  -i»er-imen  is  then  run  through  rapidJv, 
noting  all  tlje  results  the  same  as  for  the  first.  A 
iieativ  written  rer»*»rt  of  tliese  te?ts  with  oompnted  sig- 
riifieant  ret-ult-s,  and  a  diagram  (Fig,  2),  showing  the 
variation  in  jiereentage  of  elongation  when  based  upon 
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diiferent  lengths,  is  required  as  a  part  of  the  next  les- 
son; and  the  broken  specimens  find  a  place  upon  the 
class-room  table  where  they  remain  within  easy  reach, 
to  be  appealed  to  most  effectively  in  many  a  class-room 
discussion  in  the  weeks  to  come.  These  simple  tests, 
readily  carried  out  within  the  limits  of  the  hour,  have 
kept  the  little  group  of  students  keen  with  interest, 
have  thrown  new  light  upon  many  points  discussed  in 
the  text,  have  appealed  to  the  eye,  the  ear,  and  the 
sense  of  touch  as  no  amount  of  class-room  discussion 


could;  and,  finally,  have  added  a  little  of  that  time 
element  often  necessary  to  the  full  comprehension  of 
a  new  subject. 

The  third  week  finds  the  class  considering  the  be- 
havior of  materials  under  compressive  stress.  Ac- 
cordingly, the  laboratory  period  is  devoted  to  tests  in 
compression  of  wrought  iron  and  mild  steel,  as  types 
of  ductile  materials  and  sandstone,  sand-lime  brick,  and 
cast  iron  as  types  of  brittle  materials  (Fig.  3).  The 
wrought  iron  and  mild  steel  specimens  are  cut  from  the 
same  bars  as  the  tensile  specimens  (Fig.  1)  tested  the 
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curve.  Choose  scales  such  that  the  slope  of  the  diagram 
near  the  origin  shall  be  about  sixty  degrees.  E^ch  di- 
vision of  the  paper  must  represent  a  decimal  increment. 
Plot  each  point  plainly.  Draw  a  straight  line  aver- 
aging those  points  whidi  precede  the  more  rapid  in- 
crease in  deflection.  Tangent  to  this  line  draw  a  smooth 
curve  averaging  the  subsequent  points.  Mark  on  the 
curve  the  elastic  limit  and  the  load  at  failure,  t.  e.,  the 
mayimum  load.  K  the  straight  part  of  the  curve  does 
not  pass  through  the  origin,  draw  through  the  origin  a 
dotted  line  parallel  to  the  first.  This  line  will  repre- 
sent the  relation  between  the  load  and  corrected  deflec- 
tion. 

(2)  Compute  (a)  the  modulus  of  elasticity  E  by  use 
of  formula  4,  page  254,  Church's  Mechanics  of  Engi- 
neering {d  and  P  are  taken  from  any  point  on  the  cor- 
rected line),  (b)  R"y  the  fiber  stress  at  elastic  limit, 
(c)  R,  the  fiber  stress  at  rupture,  (d)  U"j  the  modulus 
of  elastic  resilience,  (e)  U,  the  modulus  of  rupture- 
work.  To  compute  the  modulus  of  resilience  at  elastic 
limit  or  rupture,  divide  the  inch  pounds  of  work  done 
upon  the  beam  up  to  that  point  by  the  volume  in  cubic 
inches  of  the  part  between  the  supporting  knife  edges. 
Also  find  the  values  of  the  exponents  x,  y,  z  and  w  in  the 
f  oDowing  equations 

jyff      /h\x 

"P^'  ""  (  A  )    ■'^®^"^®  ^^  equal  length. 

p7.  =  ( 5-' )    Beams  of  equal  depth. 

^  **  (  A  /     ^^^  eqaal  loads  and  equal  lengths. 

^  =B  f  Y  )     ^^^  equal  loads  and  equal  depths. 
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P7  and  P"  are  loads  at  elastic  Umit 

d  and  di  must  not  be  taken  beyond  the  elastic  limit, 
and  must  be  taken  from  line  of  corrected  deflections. 

Compute  the  weight  per  cubic  foot  and  the  specific 
gravity,  assuming  that  the  per  cent,  of  moisture  on  the 
basis  of  dry  weight  is  12  per  cent. 

The  JBeporf.— Give  a  brief  description  of  the  method 
of  conducting  the  experiment.  On  following  pages 
present  the  measurements,  etc.,  of  the  beams;  the 
sketches  of  cross  sections  and  fractures;  the  data  ob- 
tained ;  the  diagrams,  and  then  the  computed  result  in 
tabular  form. 

EXPEBIMEKTS  IN    ToBSION. 

Object.— ThQ  object  of  this  experiment  is  to  study  the 
behavior  of  materials  under  torsion,  and  to  obtain  such 
data  as  will  enable  the  shearing  strength  of  the  mate- 
rial and  its  modulus  of  elasticity  in  shear  to  be  com- 
puted. 

Material.— ThQ  material  is  to  be  supplied  by  the  in- 
structor, and  may  be  steel,  iron  or  wood,  or  other 
material. 

PreKwiwary.— Carefully  measure  the  dimensions  of 
the  cross  section  and  the  gauge  length.  Then  adjust 
the  specimen  in  the  heads  of  the  machine,  being  careful 
to  have  the  jaws  clamped  tightly  against  the  specimen, 
which  should  be  fixed  in  the  axis  of  rotation  of  the 
machine.  Then  apply  the  torsion  troptometer  to  the 
specimen  and  adjust  the  clamps  of  the  latter  so  that 
the  center  of  the  circle  of  the  graduated  arc  will  be  in 
the  axis  of  the  machine.    Apply  a  small  initial  moment 
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of  about  one  hundred  inch  pounds  and  set  to  zero  the 
graduated  arc,  and  also  the  permanent  scale  on  the 
twisting  head  of  the  machine* 

Experiment— Apply  the  loads  continuously  in  incre- 
ment of inch  pounds.    Bead  on  the  graduated  arc 

the  movement  of  the  pointer  in  inches  for  each  incre- 
ment. When  the  increase  in  the  angle  of  torsion  is 
found  to  be  rapid,  the  elastic  limit  having  been  reached, 
the  graduated  arc  and  index  should  be  removed. 

If  only  the  elastic  properties  of  materials  are  to  be 
determined  the  specimen  may  be  removed.  Ordinarily 
the  tests  are  to  be  continued  until  the  specimen  is  rup- 
tured. The  whole  angle  of  the  twist  is  read  from  the 
fixed  scale  on  the  movable  head  of  the  machine  and 
should  be  read  for  even  loads  above  the  elastic  limit. 
The  scale  should  be  kept  balanced  and  the  maximum 
load  determined. 

Computations.— Flot  diagrams  to  suitable  scales  with 
the  twisting  moment  in  inch-pounds  as  ordinates  and 
the  angle  of  twist  in  degrees  as  abscissa.  One  of  these 
curves  will  be  drawn  with  the  magnified  abscissa  and 
will  show  the  points  up  to  the  elastic  limit.  The  other 
curves  will  be  on  a  small  scale  and  will  show  the  angle- 
moment  diagram  up  to  the  rupture.  As  in  other  ex- 
periments, the  straight  line  portion  in  the  beginning 
should  pass  through  the  origin.  If  it  does  not,  a  straight 
line  parallel  to  the  straight  line  passing  through  the 
plotted  points  should  be  drawn  through  the  origin  and 
terminating  at  the  elastic  limit. 

Mark  the  points  corresponding  to  the  elastic  limit 
and  maximum  load  on  the  curve.     Compute  (1)  the 
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shearing  strength  developed  at  the  elastic  limit  and  the 
maximum  load,  nsing  formula 

e 

Calculate  tiie  modulus  of  elasticity  in  shear  from  the 

formula 

_,        aPs  Ip  * 

p«=— ^- 

Using  the  coordinates  of  any  point  on  the  corrected 
curve  of  the  magnified  scale. 

Compute  also  the  modulus  of  elastic  resilience  and 
the  modulus  of  rupture-work. 

Report.— The  report  will  contain  (1)  a  brief  descrip- 
tion of  the  specimen  and  method  of  test,  (2)  a  tabulated 
statement  of  the  computed  and  observed  results  (rule 
a  form  to  suit  the  requirements),  (3)  a  description  of 
the  fractured  specimen,  (4)  plotted  curves  on  coordi- 
nate paper,  (5)  an  ink  copy  of  the  running  log  of  loads 
and  deformation. 

Instbuctions  fob  Testing  Cement. 
(Short  Course.) 

The  work  will  include  two  days  in  the  laboratory,  and 
during  this  time  the  student  will  determine  the  time  of 
setting,  the  fineness  on  No.  100  and  No.  80  sieve,  and 
the  strength  of  three  to  one  mortar  in  the  case  of  a 
standard  brand  of  Portland  cement. 

Time  of  Setting.— Mix  up  neat  cement  with  enough 
water  to  render  a  paste  of  such  consistency  that  when 
placed  on  a  glass  plate  it  will  retain  its  form,  and  at 
the  same  time  by  striking  the  glass  against  the  hand 

*  See  Church's  Mechanics  of  Engineering. 
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the  paste  can  be  spread  out  without  crackmg  on  tiie 
sufaee. 

Trowel  the  paste  on  the  glass  to  thin  edges,  and  set 
the  pat  thus  made  aside  in  a  damp  chamber,  and  ob- 
serve the  time  that  elapses  until  (1)  it  will  bear  the 
quarter  pound  standard  needle  without  appreciable  in- 
dentation; (2),  the  weight  of  the  one  pound  standard 
needle  without  appreciable  indentation. 

Tests  for  Strength.— Mxk  up  the  mortar  consisting  of 

three  parts  standard  crushed  quartz  stone  and  one  part 

Portland  cement,  proportion  being  taken  by  weight. 

Mix  the  sand  and  cement  thoroughly  until  the  mixture 

presents  a  uniform  color.    Gauge  with  about  eight  per 

cent,  of  water  and  work  over  the  mixture  thoroughly 

about  six  times.    Tamp  in  molds  in  layers,  and  finish 

the  surface  of  the  briquette.    Record  the  initials  on 

one  corner  of  the  briquettes,  and  leave  the  briquettes 

in  the  molds.     They  will  be  taken  therefrom  by  the 

instructor  and  placed  under  water  after  twenty-four 

hours. 

Second  Day's  Work. 

At  the  laboratory  period  one  week  following,  the 
briquettes  are  to  be  taken  from  the  water  and  tested 
for  strength. 

Tests  for  Fineness  of  Grinding.— Sitt  about  four 
ounces  of  cement  through  No.  100  and  No.  80  sieve  and 
weigh  the  residue  left  on  the  sieves. 

The  Report.— 'EsLch  student  should  report  the  results 
of  the  tests  made  by  him  as  an  individual  to  determine 
the  fineness  of  grinding,  the  time  of  setting,  and  the 
strength  of  the  five  briquettes.  Reports  should  be 
made  on  blank  forms  provided  for  that  purpose. 

Special  instructions  are  issued  to  civil  engineers. 


AN  ELEMENTARY  COURSE  IN  PROPERTIES  OF 

MATERIALS. 

BY   GEORGE   L,    CHRISTENSEN, 

AsBiBtant  Professor  of  Mechanical  Engineering,  Michigan  College 

of  Mines. 

Instruction  in  the  properties  of  engineering  materials 
should  have  the  following  objects  in  view : 

1.  To  illustrate  the  behavior  of  materials  under 
stress. 

2.  To  establish  clear  and  definite  conceptions  as  to 
the  meaning  of  such  fundamental  terms  as  elastic  limit, 
yield  point,  ultimate  strength,  percentage  of  elongation, 
modulus  of  elksticity,  resilience. 

3.  To  familiarize  the  student  as  far  as  possible  with 
tiie  methods  by  which  materials  are  tested  to  obtain 
numerical  results  indicating  their  qualities. 

4.  To  fix  in  the  memory  a  few  of  the*  average  numer- 
ical values  for  the  more  common  materials  such  as  cast 
iron,  wrought  iron,  steel,  timber,  stone  and  concrete; 
thus  establishing  a  very  convenient  mental  standard  of 
reference  for  the  more  detailed  study  of  these  and  kin- 
dred materials,  and  at  the  same  time  forming  the  basis 
for  that  ready  judgment  so  essential  to  the  engineer. 

5.  To  illustrate  the  use  of  these  numerical  values  in 
simple  problems  of  designing,  thus  associating  and 
connecting  the  material  itself,  and  the  mathematical 
considerations  involved,  and  laying  the  foundation  for 
that  habit  of  thought  which  must  ever  recognize  the 
material  in  its  various  strengths  and  elasticities,  in 
every  problem  of  design. 

(279) 
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6.  To  study  the  processes  of  manufacture,  in  so  far  as 
these  give  name  to  the  product  or  modify  its  qualities. 

7.  To  study  methods  of  protecting  and  preserving 
materials  under  conditions  of  use. 

The  class-room  instruction  should  be  fundamental, 
keeping  before  the  student  the  xmderlying  principles 
and  truths,  and  guiding  him  through  the  maze  of  exper- 
imental facts  to  habits  of  clear,  discerning,  indepen- 
dent thought;  the  laboratory,  a  means  of  illustration, 
going  hand  in  hand  with  the  class-room,  supplementing, 
reviewing,  clearing  up,  fixing  the  ideas.  It  is  the  pur- 
pose of  this  paper  to  outline  briefly  some  features  of 
the  instruction  in  this  subject  as  developed  at  the  Mich- 
igan College  of  Mines  under  the  increasing  influence  of 
this  idea  of  using  the  laboratory  as  a  means  of  illustra- 
tion in  conjunction  with  the  class-room  work.  The 
course  as  given  runs  through  twenty-three  weeks,  three 
recitations  of  fifty-five  minutes  each  per  week.  The 
text-book  is  Johnson's  **The  Materials  of  Construc- 
tion. ' '  The  class,  numbering  sixty  students,  is  divided 
into  three  sections  of  twenty  each  for  recitations,  and 
each  of  these  sections  is  again  divided  into  two  labo- 
ratory divisions  of  ten  students  each,  making  in  all  six 
laboratory  divisions.  During  a  portion  of  the  course, 
the  first  recitation  period  of  each  week  is  set  aside  for 
laboratory  illustration  work,  when,  instead  of  the  whole 
section  meeting  in  the  class-room,  one  of  the  small  labo- 
ratory divisions  of  ten  students  meets  in  the  laboratory, 
the  other  division  taking  some  other  hour  of  the  same 
day.  With  this  organization  of  the  class  it  is  possible 
to  undertake  a  series  of  tests,  the  whole  class  being 
made  familiar  with  the  plan  and  scope,  but  each  labo- 
ratory division  doing  only  a  small  part  of  the  work. 


COURSE   IN    PROPERTIES   OF    MATERIALS. 


281 


Beginning  the  course,  tlie  first  week  is  devoted  to  a 
class-room  consideration  of  definition  of  terms  and  the 
behavior  of  materials  under  tensile  stress.  In  the 
laboratory  period  of  the  second  week,  tensile  tests  are 
made  of  two  specimens  both  cut  from  the  same  wrought 
iron  or  mild  steel  bar,  one  being  rough,  one  inch  in 
diameter,  and  the  other  turned  down  to  a  smaller  size 
(Fig.  1).  The  group  of  ten  students  gathers  around 
the  testing  machine— there  is  room  enough  for  all  to 
note  everything  that  takes  place— and  each  student  is 


KlQ.    1. 

required  to  keep  full  records  just  as  though  he  were 
making  the  test  individually.  This  being  the  first  test, 
the  construction  and  operation  of  the  testing  machine 
is  explained.  The  rough  bar  is  tested  first.  It  is 
marked  oflf  in  the  presence  of  the  class,  with  punch 
marks  an  inch  apart,  and  placed  in  the  machine.  As 
the  test  proceeds,  attention  is  first  directed  to  the  detec- 
tion of  the  yield  point  by  noting  the  droi)  of  the  beam, 
then  the  breaking  down  action  is  watched  as  shown  by 
the  loosening  of  the  mill  scale,  then  interest  centers  in 
the  rapid  stretching  of  the  bar,  readily  noted  with  a  pair 
of  dividers,  and  finally,  in  turn,  the  ultimate  load,  the 

(19) 
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neckiog  down  action,  and  the  breaking  load  are  noted. 
The  broken  specimen  is  passed  around,  it  is  handled 
and  examined.  They  note  that  it  is  warm.  They  see 
the  form  of  fracture  and  comi>are  it  with  that  of  spec- 
imens pictured  in  the  text-book.  The  diameter  of  the 
broken  section  is  measured,  and,  finally,  the  broken  ends 
are  placed  together  and  the  elongation  in  lengths  of 


2,  3,  4,  5,  6,  7  and  8  inches  is  measured  with  a  pair  of 
dividers,  always  keeping  the  broken  section  as  near  the 
middle  of  the  measured  length  as  possible.  The  test 
of  the  other  specimen  is  then  run  through  rapidly, 
noting  all  the  results  the  same  as  for  the  first.  A 
neatly-written  report  of  these  tests  with  computed  sig- 
nificant results,  and  a  diagram  (Fig.  2),  showing  the 
variation  in  percentage  of  elongation  when  based  upon 
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different  lengths,  is  required  as  a  part  of  the  next  les- 
son; and  the  broken  specimens  find  a  place  upon  the 
class-room  table  where  they  remain  within  easy  reach, 
to  be  appealed  to  most  effectively  in  many  a  class-room 
discussion  in  the  weeks  to  come.  These  simple  tests, 
readily  carried  out  within  the  limits  of  the  hour,  have 
kept  the  little  group  of  students  keen  with  interest, 
have  thrown  new  light  upon  many  points  discussed  in 
the  text,  have  appealed  to  the  eye,  the  ear,  and  the 
sense  of  touch  as  no  amount  of  class-room  discussion  ' 


could;  and,  finally,  have  added  a  little  of  that  time 
element  often  necessary  to  the  full  comprehension  of 
a  new  subject. 

The  third  week  finds  the  class  considering  the  be- 
havior of  materials  under  compressive  stress.  Ac- 
cordingly, the  laboratorj-  period  is  devoted  to  tests  in 
compression  of  wrought  iron  and  mild  steel,  as  types 
of  ductile  materials  and  sandstone,  sand-lime  brick,  and 
cast  iron  as  types  of  brittle  materials  (Fig.  3).  The 
wrought  iron  and  mild  steel  specimens  are  cut  from  the 
same  bars  as  the  tensile  specimens  (Fig.  1)  tested  the 
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properties.  For  the  strength  tests,  a  clear,  straight- 
grained,  well-seasoned,  white  pine  plank,  16  inches 
broad  and  If  inches  thick,  having  a  little  sap-wood  in 
two  outer  comers,  was  used  (Fig.  4).  Specimens  from 
this  plank  were  tested  under  three  conditions  of  mois- 
ture, viz.:  **Dry,"  specimens  dried  over  a  boiler  one 
week;  '* Normal,"  specimens  tested  as  cut  from  the 
plank;  and  **Wet,"  specimens  kept  under  water  one 
week.  There  being  six  laboratory  divisions,  the  plank 
was  cut  so  as  to  give  six  endwise  compression  spec- 
imens in  its  width  (Fig.  4).  Thus,  specimens  Nos.  1 
Dry,  No.  7  Normal,  and  No.  13  Wet,  representing  the 
three  moisture  conditions,  and  all  from  similar  posi- 
tions with  respect  to  the  center  of  the  tree,  were  tested 
in  the  first  laboratory  division  (Fig.  5).  The  next  three 
specimens,  in  the  second  division  (Fig.  6),  and  so  on 
(Figs.  7,  8,  9  and  10).  These  three  tests,  with  full 
data  as  to  loads  and  shortenings,  were  easily  finished 
within  the  hour.  The  shortening  was  measured  with 
a  Brown  and  Sliarpe  test  indicator  as  shown  in  Fig. 

11.  This  instrument  reads  directly  to  thousandths  of 
an  inch,  but  ten-thousandths  may  be  estimated  with 
fair  degree  of  accuracy.  The  method  of  measuring 
between  compression  blocks  proves  sufficiently  accurate 
if  a  small  initial  load  be  applied  before  taking  the  first 
reading. 

In  same  manner,  during  the  laboratory  periods  of 
the  following  two  weeks,  the  remainder  of  the  tests 
(Fig.  4),  consisting  of  across  grain  compression  (Figs. 

12,  13  and  14),  endwise  tension,  across  grain  tension, 
and  along  the  grain  shear,  were  completed;  each  stu- 
dent following  a  strip  of  the  plank  throughout  its  length 
through  all  these  tests. 
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All  the  results  were  now  tabulated  and  reported  to 
the  students  on  mimeographed  sheets  in  the  form  shown 
in  the  table.  These  results  were  then  plotted  by  the 
students  with  respect  to  position  of  the  test  specimens 
in  the  plank,  to  exhibit  more  clearly  the  variations  due 
to  difference  in  the  structure  of  the  wood  formed  at 
different  periods  of  the  tree's  growth  (Fig.  15).  On 
the  whole  these  results  are  consistent,  though  but  a 


single  specimen  represents  each  actual  condition,  and 
illustrate  quite  forcibly  some  of  the  variables  in  the 
strength  of  timber.  There  is  another  variable,  how- 
ever, which  must  be  recognized  before  results  like  these 
can  be  used  intelligently  in  designing,  and  that  is  the 
"time  effect."  The  strength  of  timber  for  permanent 
loads  is  only  about  fifty  to  sixty  per  cent,  of  these 
values;  or,  in  other  words,  the  ultimate  strength  of 
timber  for  a  permanent  load  is  the  same  as  the  elastic 


COURSE   IN   PROPERTIES   OF   MATERIALS.  291 


292  COURSE   IN   PBOPEBTIES  OP   MATEBIALS. 

limit  for  a  short-time  load.  This  may  be  illustrated  to 
some  exteot  by  a  test  like  that  of  the  three  oak  spec- 
imens showB  in  Fig.  4  with  diagrams  in  Fig.  16.  This, 
of  coarse,  cannot  be  carried  out  before  the  class  on  ac- 
count of  the  long  time  required,  but,  if  explained  in 
object  and  plan,  and  kept  going  during  the  week,  will 
arouse  much  interest  and  discussion.  The  underlying 
motive  in  all  this  testing  in  connection  with  the  class- 


room work  should  be  to  arouse  tlie  student,  to  make  him 
.see  facts  and  relations  clearly,  to  make  him  think.  To 
this  end  also  some  simple  problems  in  designing  may 
be  introduced  from  time  to  time,  illustrating  the  prac- 
tical use  to  be  made  of  these  test  results.  For  instance, 
following  the  timber  tests,  the  design  of  a  low  railroad 
trestle  proves  both  interesting  and  instructive,  requir- 
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Results  of  Tests  of  White  Pine — Series  B — ^Pbopebties  of 

Matebials,  1004. 

Endwise  Compression. 
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wrought  iron^  steel,  in  turn,  it  will  be  found  the  text- 
book can  be  used  much  more  effectively.  Everv  stu- 
dent  now  has  some  experience  to  be  appealed  to,  and 
he  is  gradually  beginning  to  think  and  express  himself 
in  the  technical  terms  of  strength  and  elasticity.  Tests 
are  now  made  only  to  illustrate  some  new  method  of 
testing  or  some  peculiar  property.  Thus,  a  complete 
tensile  test  is  made  on  a  finished  specimen  of  steel,  using 
an  electric  contact  micrometer  (Fig.  17).     The  broken 


*•   / 


Fig.  18. 

ends  of  the  steel  or  wrought  iron  specimens  tested  early 
in  the  course  (Fig.  1),  are  retested  to  show  the  increase 
in  strength  due  to  rest  after  cold-working.  A  torsion 
test  on  steel  is  made  with  the  Thurston  Autographic 
machine  (Fig.  18a),  another  test  on  a  specimen  from 
the  same  bar  to  show  the  exaltation  of  the  elastic  limit 
(Fig.  18b),  and  a  third  (Fig.  18c),  to  show  that  the 
elastic  field  is  fairly  constant,  and  that  raising  the  elas- 
tic limit  in  one  direction  reduces  it  in  the  other. 
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Discussion, 
OP  Papbbs  by  Pbofessobs  Hatt  and  Chmstbnsbn. 

Pbofbssob  H.  Wade  Hibbabd  :  There  is  one  criticism 
that  it  seems  to  me  might  be  made,  which  criticism  is 
directed  at  the  methods  which  have  been  necessitated, 
perhaps,  by  the  increase  in  the  numbers  of  students 
taking  laboratory  courses  of  this  sort. 

I  know  we  shall  all  remember  the  presidential  address 
this  evening,  and  I  hope  that  we  shall  give  particular 
remembrance  to  the  thoughts  that  Dr.  Dudley  brought 
out  with  regard  to  real  education.  It  seems  to  me  that 
in  the  multiplicity  of  experiments,  in  the  desire  on  the 
part  of  the  experimental  laboratories  to  get  a  large 
number  of  experiments,  somewhat  varied,  in  tiie  blank 
forms  and  careful  directions,  that  the  principle  of  edu- 
cation—real education— may  be  somewhat  obscured. 
This,  according  to  our  President,  is  not  the  pumping 
into  the  student's  mind  of  a  large  amount  of  informa- 
tion, but  the  leading  out  from  that  student's  mind,  cul- 
tivating in  that  student's  mind  the  ability  to  reason 
for  himself,  to  be  ingenious  and  to  plan  for  himself,  and 
scheme  out  his  methods  for  making  experiments  him- 
self. That,  of  course,  means  that  not  so  many  experi- 
ments can  be  performed  by  students,  but  what  they  do 
perform  they  get  in  a  fashion  that  gives  them  educa- 
tion in  experimental  methods,  and  in  the  ways  of  think- 
ing as  testing  engineers. 

Pbopessob  W.  F.  M.  Goss:  The  modem  engineering 
laboratory  contains  apparatus  of  many  different  kinds. 
It  has  its  steam  engines,  internal  combustion  engine, 
hydraulic  apparatus  and  its  machinery  for  testing  ma- 
terials.   As  I  have  followed  the  work  of  students  along 

(20) 
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these  different  lines  in  a  fairly  busy  laboratory,  I  have 
often  been  impressed  with  the  fact  that  among  them 
all  none  so  well  satisfy  the  requirements  for  the  devel- 
opment of  yoimg  men  as  the  material  testing.  Work 
along  this  line  lends  itself  most  readily  to  the  instmc- 
tion  of  students.  In  the  department  of  testing  mate- 
rials we  are  not  liable  to  fall  into  those  errors  to  which 
Professor  Hibbard  has  referred.  I  am  sure  it  is  true 
that  in  all  well-regulated  laboratories  the  students  in 
this  department  gather  inspiration,  their  intellectual 
processes  are  quickened,  they  see  purpose  in  the  meth- 
ods employed,  and  the  working  out  of  natural  conse- 
quences in  the  results  obtained.  The  whole  tendency 
of  the  work  is  to  arouse  interest  or  enthusiasm. 

I  wish  most  heartily  to  commend  the  thorough  man- 
ner in  which  the  courses  described  have  been  system- 
atized. 

Mr.  William  Metcalf:  The  thought  that  entered 
my  mind  just  now  in  connection  with  the  education  of 
the  engineer  is  the  one  prominently  brought  forth  in 
the  president's  address,  and  that  is,  the  importance  of 
teaching  a  student  to  think.  I  think  that  is  all  that 
education  is  worth.  I  want  to  say  a  word  here  now 
that  may  seem  proud,  but  I  waat  to  say  a  word  for  my 
alma  mater.  The  one  particular  characteristic  of  that 
school  tiiroughout  the  whole  course  was,  in  my  day, 
and  I  believe  practically  is  now,  that  the  student  was 
taught  only  one  thing  at  a  time.  He  didn't  have  two 
hours  a  week  at  this,  two  hours  a  week  at  that,  and  two 
hours  a  week  at  another  subject,  and  was  not  fed  on 
mental  hash  all  the  way  through  so  that  at  the  end  he 
would  know  everything ;  but  every  day  and  every  week 
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just  one  plain  simple  thing  until  he  got  through  with 
that  subject.  The  result  was  said  to  be  tiresome  by 
critics  of  the  school.  It  was  nothing  of  the  kind. 
There  was  a  little  study  in  the  morning,  a  little  scientific 
recreation  in  the  afternoon— the  afternoon  always 
given  to  some  practical  work,  some  laboratory  work, 
drawing,  etc.,  sufficient  to  teach  the  student  at  least  the 
fundamentals  of  the  tools  he  had  to  work  with.  He 
was  always  at  one  subject  until  he  got  through,  and 
when  he  got  through  with  it  he  generally  knew  it  pretty 
well. 

Pbofessob  Mansfield  Mebbiman  :  In  listening  to  tiiese 
very  interesting  discussions  regarding  the  conduct  of 
laboratory  work,  I  have  been  impressed  with  the  large 
amount  of  labor  spent  by  instructors  to  systematize 
the  work  and  prepare  the  necessary  plans  in  order  that 
the  student  may  derive  benefit  from  them.  It  may, 
indeed,  be  thought  by  some  that  in  many  instances  the 
greater  part  of  the  mental  work  is  done  by  the  instruc- 
tor and  that  there  is  not  much  left  for  the  student. 
There  are  blanks  for  every  stage  of  the  work,  and  it  is 
sometimes  carried  so  far  that  there  is  a  blank  at  one 
machine  on  pink  paper  and  at  another  machine  on 
brown  paper.  On  each  piece  of  paper  there  are  lines 
half -printed  and  the  students  regards  it  as  an  academic 
exercise  to  fill  out  the  dotted  portions.  This  is  prob- 
ably an  extreme  view  to  take  of  the  matter.  If  the 
student  should  come  into  the  laboratory  with  the  old- 
fashioned,  small  engineer's  field  book  with  horizontal 
and  vertical  lines  on  opposite  pages,  and  be  required  to 
take  down  notes  from  the  experiments  and  bring  in  the 
next  day  his  own  report  in  the  way  he  thinks  it  ought 
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to  be  arranged,  it  might  be  more  advantageous  to  him 
in  developing  his  power  of  thought.  In  large  classes, 
however,  such  a  plan  would  be  impracticable,  and  it 
may  be  said  in  favor  of  carefully  prepared  blanks  that 
they  give  training  in  system  and  order.  The  papers 
that  have  been  read  hence  present  excellent  solutions 
of  the  problems  forced  upon  us  in  handling  large  num- 
bers of  students,  and  it  must  be  said  that  great  credit 
is  due  to  instructors  in  laboratory  work  for  the  sys- 
tematic methods  which  they  are  developing. 

Peofessob  Gabtano  Lanza:  Only  two  of  the  matters 
mentioned  in  the  interesting  and  valuable  paper  of 
Professor  Hatt  will  be  referred  to  here.  First,  every 
competent  teacher  must  constantly  put  forth  his  best 
eiforts  to  make  the  students  think  for  themselves,  and 
the  more  completely  he  can  accomplish  this  object,  the 
greater  will  be  tiie  success  attendant  upon  his  teaching ; 
as  the  student  who  only  memorizes  and  does  not  think, 
is  not  competent  to  undertake  the  solution  of  such  new 
problems  as  are  constantly  liable  to  arise  in  the  practice 
of  his  profession.  Second,  the  object  of  a  graduating 
thesis  is,  to  my  mind,  to  teach  the  student  how  to  make 
investigation.  I  prefer  that  the  student  should,  if  fea- 
sible, select  the  subject  himself,  the  professor,  of  course, 
advising  him,  and  not  allowing  him  to  take  up  a  subject 
in  which  it  is  not  possible  for  him  to  do  good  work. 
Then  a  student  should,  with  the  advice  of  the  professor, 
map  out  a  plan  for  carrying  on  the  investigation,  which, 
again,  the  professor  should  pass  upon,  and  when  the 
plan  is  properly  arranged  the  student  should  perform 
the  work. 

Mb.  Bbadley  Stoughton  :  One  thing  which  you,  Mr. 
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President,  have  so  well  said  at  this  meeting  already, 
interested  me  very  greatly,  and  I  desire  to  refer  to  it 
again.  That  is,  the  propriety  of  studying,  not  the 
details  of  any  practice,  but  the  principles  ui)on  which 
that  practice  rests.  It  seems  to  me  that,  in  this  way, 
we  should  find  a  solution  of  the  various  questions  we 
have  been  discussing  here  this  evening.  A  student 
mind  is  a  limited  vessel,  and  if  one  tries  to  fill  it  too  full, 
and  especially  too  full  of  details,  it  begins  to  spill  and 
leak  very  fast,  so  that  the  amount  of  knowledge  which 
escapes  is  altogether  disproportionate  to  the  amount 
which  remains.  In  our  over-crowded  laboratories  it  is 
a  great  temptation  to  adopt  printed  laboratory  blanks, 
routine  methods  of  instruction  and  systems  which 
enable  us  to  put  a  number  of  students  through  the 
motions  of  many  tests  in  a  limited  time.  But  is  this 
tiie  best  method  of  concentrating  their  attention  on  the 
principles  which  we  desire  them  to  absorb  t  True,  they 
become  momentarily  acquainted  with  many  details, 
some  of  the  least  important  of  which  are  repeated  sev- 
eral times,  but  it  gives  them  neither  the  encouragement 
nor  the  time  for  independent  thought  which  alone  im- 
presses them  with  the  underlying  principles  of  their 
occupation,  but  which  almost  every  man  finds  at  first 
both  tedious  and  unattractive. 

Peopessob  WnxiAM  B^ent:  We  have  heard  a  good 
deal  lately  of  teaching  principles  and  not  details.  In 
order  to  get  a  correct  knowledge  of  principles  close 
attention  should  be  given  to  details.  One  of  my  stu- 
dents had  a  knowledge  of  the  principles  of  the  connect- 
ing rod,  but  about  tiie  details  all  he  knew  was  that  it  is 
a  bar  with  two  holes  in  it.    He  didn't  know  anything 
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properties.  For  the  strength  tests,  a  clear,  straight- 
grained,  well-seasoned,  white  pine  plank,  16  inches 
broad  and  1*}  inches  thick,  having  a  little  sap-wood  in 
two  outer  comers,  was  used  (Fig.  4).  Specimens  from 
this  plank  were  tested  under  three  conditions  of  mois- 
ture, viz.:  *^Dry,"  specimens  dried  over  a  boiler  one 
week;  '^Normal,"  specimens  tested  as  cut  from  the 
plank;  and  *'Wet,"  specimens  kept  under  water  one 
week.  There  being  six  laboratory  divisions,  the  plank 
was  cut  so  as  to  give  six  endwise  compression  spec- 
imens in  its  width  (Fig.  4).  Thus,  specimens  Nos.  1 
Dry,  No.  7  Normal,  and  No.  13  Wet,  representing  the 
three  moisture  conditions,  and  all  from  similar  posi- 
tions with  respect  to  the  center  of  the  tree,  were  tested 
in  the  first  laboratory  division  (Fig.  5).  The  next  three 
specimens,  in  the  second  division  (Fig.  6),  and  so  on 
(Figs.  7,  8,  9  and  10).  These  three  tests,  with  full 
data  as  to  loads  and  shortenings,  were  easily  finished 
within  the  hour.  The  shortening  was  measured  with 
a  Brown  and  Sliarpe  test  indicator  as  shown  in  Fig. 

11.  This  instrument  reads  directly  to  thousandths  of 
an  inch,  but  ten-thousandths  may  be  estimated  with 
fair  degree  of  accuracy.  The  method  of  measuring 
between  compression  blocks  proves  suflSciently  accurate 
if  a  small  initial  load  be  applied  before  taking  the  first 
reading. 

In  same  manner,  during  the  laboratory  periods  of 
the  following  two  weeks,  the  remainder  of  the  tests 
(Fig.  4),  consisting  of  across  grain  compression  (Figs. 

12,  13  and  14),  endwise  tension,  across  grain  tension, 
and  along  the  grain  shear,  were  completed;  each  stu- 
dent following  a  strip  of  the  plank  throughout  its  length 
through  all  these  tests. 
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All  the  results  were  now  tabulated  and  reported  to 
the  students  on  mimeographed  sheets  in  the  form  shown 
in  the  table.  These  results  were  then  plotted  by  the 
students  with  respect  to  position  of  the  test  specimens 
in  the  plank,  to  exhibit  raore  clearly  the  variations  due 
to  difference  in  the  structure  of  the  wood  formed  at 
different  periods  of  the  tree's  growth  (Fig.  15).  On 
the  whole  these  results  are  consistent,  though  but  a 


single  specimen  represents  each  actual  condition,  and 
illustrate  quite  forcibly  some  of  the  variables  in  the 
strength  of  timber.  There  is  another  variable,  how- 
ever, which  must  be  recognized  before  results  like  these 
can  be  used  intelligently  in  designing,  and  that  is  the 
"time  effect."  The  strength  of  timber  for  permanent 
loads  is  only  about  fifty  to  sixty  per  rent,  of  these 
values;  or,  in  other  words,  the  ultimate  strength  of 
timber  for  a  permanent  load  is  the  same  as  the  elastic 
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producers.  This  work  alone  gives  promise  of  results 
which  will  more  than  justify  the  money  expended. 

It  has  been  found  that  the  efficiency  of  the  average 
bituminous  coal  is  two  and  one  half  times  greater  when 
used  in  a  gas  producer  and  engine,  than  when  used  in 
the  steam  boiler  and  engine. 

It  has  also  been  found  that  some  lignites,  when  tested 
in  the  gas  producer  and  gas  engine,  gave  unexpectedly 
high  efficiency  such  as  promise  large  future  develop- 
ments, and  further  it  has  been  found  that  some  coals 
and  the  slack  produced  in  mining  these  coals  can  be 
briquetted  on  a  commercial  basis. 

These  investigations  during  the  exposition  were  car- 
ried on  under  the  direction  of  a  committee  consisting 
of  Dr.  Edward  W.  Parker,  Dr.  Joseph  A.  Holmes,  and 
Mr.  M.  B.  Campbell,  of  the  United  States  Geological 
Survey;  the  work  is  now  under  the  direction  of  Dr. 
Joseph  A.  Holmes. 

The  investigation  of  timber  (Professor  W.  K.  Hatt, 
Asso.  M.  Soc.  C.  E.,  in  charge)  under  the  direction  of 
Mr.  Gifford  Pinchot,  is  limited  at  present,— 

1.  To  those  species  which  promise  to  be  on  the  market 

for  an  indefinite  period ; 

2.  To  actual  market  products ;  and 

3.  To  such  purely  scientific  work  as  forms  the  basis 

of  correct  methods  of  tests. 
The  present  knowledge  of  the  structural  value  of 
the  timbers  of  the  United  States  in  the  form  of  large 
sticks  is  astonishingly  meagre.  Such  tests  as  have 
been  made  have  been  made  incomplete  and  defective  in 
many  respects.  After  the  present  program  is  carried 
out  there  will  exist  authoritative  and  complete  inf orma- 
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Results  of  Tests  of  White  Pine — Series  B — Properties  of 

Materials,  1904. 

Endwise  Compression. 
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ing  as  it  does  a  discussion  of  factors  of  safety  and 
allowances  to  be  made  for  knots,  seasoning  checks  and 
decay. 

Now  taking  up  the  different  materials  as  cast  iron, 


COURSE   IN   PROPEitTIES   OF   MATERIALS,  295 


296 


COURSE   IN    PROPERTIES   OF    MATERIALS. 


wrought  iron,  steel,  in  turn,  it  will  be  found  the  text- 
book can  be  used  much  more  effectively.  Every  stu- 
dent now  has  some  experience  to  be  appealed  to,  and 
he  is  gradually  beginning  to  think  and  express  himself 
in  the  technical  terms  of  strength  and  elasticity.  Tests 
are  now  made  only  to  illustrate  some  new  method  of 
testing  or  some  peculiar  property.  Thus,  a  complete 
tensile  test  is  made  on  a  finished  specimen  of  steel,  using 
an  electric  contact  micrometer  (Fig.  17).     The  broken 
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Fig.  is. 


ends  of  the  steel  or  wrought  iron  specimens  tested  early 
in  the  course  (Fig.  1),  are  retested  to  show  the  increase 
in  strength  due  to  rest  after  cold-working.  A  torsion 
test  on  steel  is  made  with  the  Thurston  Autographic 
machine  (Fig.  18a),  another  test  on  a  specimen  from 
the  same  bar  to  show  the  exaltation  of  the  elastic  limit 
(Fig.  18b),  and  a  third  (Fig.  18c),  to  show  that  the 
elastic  field  is  fairly  constant,  and  that  raising  the  elas- 
tic limit  in  one  direction  reduces  it  in  the  other. 
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Discussion. 
OP  Papebs  by  Pbopessobs  Hatt  and  Chbistbnsen. 

Pbofbssoe  H.  Wade  Hibbabd  :  There  is  one  criticism 
that  it  seems  to  me  might  be  made,  which  criticism  is 
directed  at  the  methods  which  have  been  necessitated, 
perhaps,  by  the  increase  in  the  numbers  of  students 
taking  laboratory  courses  of  this  sort. 

I  know  we  shall  all  remember  the  presidential  address 
this  evening,  and  I  hope  that  we  shall  give  particular 
remembrance  to  the  thoughts  that  Dr.  Dudley  brought 
out  with  regard  to  real  education.  It  seems  to  me  that 
in  the  multiplicity  of  experiments,  in  the  desire  on  the 
part  of  the  experimental  laboratories  to  get  a  large 
number  of  experiments,  somewhat  varied,  in  the  blank 
forms  and  careful  directions,  that  the  principle  of  edu- 
cation—real education—may  be  somewhat  obscured. 
This,  according  to  our  President,  is  not  the  pumping 
into  the  student's  mind  of  a  large  amount  of  informa- 
tion, but  the  leading  out  from  that  student's  mind,  cul- 
tivating in  that  student's  mind  the  ability  to  reason 
for  himself,  to  be  ingenious  and  to  plan  for  himself,  and 
scheme  out  his  methods  for  making  experiments  him- 
self. That,  of  course,  means  that  not  so  many  experi- 
ments can  be  performed  by  students,  but  what  they  do 
perform  they  get  in  a  fashion  that  gives  them  educa- 
tion in  experimental  methods,  and  in  the  ways  of  think- 
ing as  testing  engineers. 

Pbopessob  W.  F.  M.  Goss:  The  modem  engineering 
laboratory  contains  apparatus  of  many  different  kinds. 
It  has  its  steam  engines,  internal  combustion  engine, 
hydraulic  apparatus  and  its  machinery  for  testing  ma- 
terials.   As  I  have  followed  the  work  of  students  along 

(20) 


298  00UBSE8  IK  TBSTINa  MATEBIAI^. 

these  different  lines  in  a  fairly  busy  laboratory,  I  have 
often  been  impressed  with  the  fact  that  among  them 
all  none  so  well  satisfy  the  requirements  for  the  devel- 
opment of  yonng  men  as  the  material  testing.  Work 
along  this  line  lends  itself  most  readily  to  the  instruc- 
tion of  students.  In  the  department  of  testing  mate- 
rials we  are  not  liable  to  fall  into  those  errors  to  which 
Professor  Hibbard  has  referred.  I  am  sure  it  is  true 
that  in  all  well-regulated  laboratories  the  students  in 
this  department  gather  inspiration,  their  intellectual 
processes  are  quickened,  they  see  purpose  in  the  meth- 
ods employed,  and  the  working  out  of  natural  conse- 
quences in  the  results  obtained.  The  whole  tendency 
of  the  work  is  to  arouse  interest  or  enthusiasm. 

I  wish  most  heartily  to  commend  the  thorough  man- 
ner in  which  the  courses  described  have  been  system- 
atized. 

Mb.  WnjJAM  Metgalf:  The  thought  that  entered 
my  mind  just  now  in  connection  with  the  education  of 
the  engineer  is  the  one  prominently  brought  forth  in 
the  president's  address,  and  that  is,  the  importance  of 
teaching  a  student  to  think.  I  think  that  is  all  that 
education  is  worth.  I  want  to  say  a  word  here  now 
that  may  seem  proud,  but  I  want  to  say  a  word  for  my 
alma  mater.  The  one  particular  characteristic  of  that 
school  throughout  the  whole  course  was,  in  my  day, 
and  I  believe  practically  is  now,  that  the  student  was 
taught  only  one  thing  at  a  time.  He  didn't  have  two 
hours  a  week  at  this,  two  hours  a  week  at  that,  and  two 
hours  a  week  at  another  subject,  and  was  not  fed  on 
mental  hash  all  the  way  through  so  that  at  the  end  he 
would  know  everything ;  but  every  day  and  every  week 
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just  one  plain  simple  thing  until  he  got  through  with 
that  subject  The  result  was  said  to  be  tiresome  by 
critics  of  the  school.  It  was  nothing  of  the  kind. 
There  was  a  little  study  in  the  morning^  a  little  scientific 
recreation  in  the  afternoon— the  afternoon  always 
given  to  some  practical  work,  some  laboratory  work, 
drawing,  etc.,  sufficient  to  teach  the  student  at  least  the 
fundamentals  of  the  tools  he  had  to  work  with.  He 
was  always  at  one  subject  until  he  got  through,  and 
when  he  got  through  with  it  he  generally  knew  it  pretty 
well. 

Pbofessob  Mansfield  Mebbiman  :  In  listening  to  these 
very  interesting  discussions  regarding  the  conduct  of 
laboratory  work,  I  have  been  impressed  with  the  large 
amount  of  labor  spent  by  instructors  to  systematize 
the  work  and  prepare  the  necessary  plans  in  order  that 
the  student  may  derive  benefit  from  them.  It  may, 
indeed,  be  thought  by  some  that  in  many  instances  the 
greater  part  of  the  mental  work  is  done  by  the  instruc- 
tor and  that  there  is  not  much  left  for  the  student. 
There  are  blanks  for  every  stage  of  the  work,  and  it  is 
sometimes  carried  so  far  that  there  is  a  blank  at  one 
machine  on  pink  paper  and  at  another  machine  on 
brown  paper.  On  each  piece  of  paper  there  are  lines 
half -printed  and  the  students  regards  it  as  an  academic 
exercise  to  fill  out  the  dotted  portions.  This  is  prob- 
ably an  extreme  view  to  take  of  the  matter.  If  the 
student  should  come  into  the  laboratory  with  the  old- 
fashioned,  small  engineer's  field  book  with  horizontal 
and  vertical  lines  on  opposite  pages,  and  be  required  to 
take  down  notes  from  the  experiments  and  bring  in  the 
next  day  his  own  report  in  the  way  he  thinks  it  ought 
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signs  of  distortion,  checking,  cracking  or  disin- 
tegration. 
The  cement  shall  contain  not  more  than  1.75  per 
cent  anhydrous  sulphuric  acid  or  more  than  4 
per  cent  magnesium  oxide. 
A  test  of  the  neat  cement  must  be  made  with  each 
mortar  series  for  comparison  of  the  quality  of 
the  typical  Portland  cement. 
A.  Physical  Tests  in  Laboratory: 

1.  Tensile  strength  with  one  part  cement  to  varying 

percentages  of  material  under  test  for  7,  28, 
90, 180  and  360  days ; 

2.  Compressive  strength  with  one  part  cement  to 

varying  percentages  of  materials  under  test 
for  7,  28,  90, 180  and  360  days ; 

3.  Transverse  strength  with  one  part  cement  to 

varying  percentages  of  material  under  test  for 
7,  28,  90, 180  and  360  days ; 

4.  Yield  in  mortar ; 

5.  Tensile  strength  with  cement,  material  sieved  to 

one  size,  7,  28,  90, 180  and  360  days ; 

6.  Compressive   strength   with   cement,   material 

sieved  to  one  size,  7,  28,  90, 180  and  360  days ; 

7.  Transverse    strength    with    cement,    material 

sieved  to  one  size,  7,  28,  90, 180  and  360  days ; 

8.  Porosity; 

9.  Permeability. 

III.  Tests  of  concrete  made  with  stone,  stone  screen- 
ings, gravel,  sand,  cinder,  slags,  etc. : 
A.  Physical  Tests  in  Laboratory: 

1.  Tensile  strength  with  different  mixtures  as  to 
proportion  and  size  of  the  aggregates  for  30, 
90,  180  and  360  days. 
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ciples  and  materials,  the  class  is  ready  for  the  more 
specific  consideration  of  each  material  by  itself.  It 
must  not  be  forgotten  in  this  connection  that  nearly  all 
our  computations  regarding  stresses  in  materials  are 
based  upon  the  principles  of  elasticity  with  stresses 
below  the  elastic  limit.  It  is  not  sufficient,  then,  to 
consider  only  ultimate  strengths.  The  elastic  limit, 
and  the  more  or  less  perfect  elasticity  of  the  material, 
as  well  as  its  behavior  throughout  the  whole  range  of 
stress,  should  be  made  the  subject  of  careful  study. 
The  student  needs  to  be  brought  face  to  face  with  these 
principles  and  qualities,  again  and  again,  until  they 
become  a  part  of  his  unconscious  possession,  guiding 
his  judgment,  giving  form  to  his  expression. 

Timber  seems  to  offer  many  advantages  as  the  mate- 
rial first  to  be  considered.  It  is  one  of  the  most  com- 
mon materials  of  construction.  The  specimens  are 
easily  prepared  and  cheap.  The  deformations  under 
stress  are  relatively  great,  and,  therefore,  readily 
measured.  The  strengths  and  elasticities  vary  in  dif- 
ferent directions  with  reference  to  the  grain,  thus  re- 
quiring fuller  investigation  as  well  as  clear  ideas  as  to 
direction  of  stress.  The  strengths  are  subject  to  many 
variables,  and  yet,  by  controlling  these  variables,  or  by 
recognizing  their  presence,  consistent  and  highly  in- 
structive results  may  be  obtained. 

Beginning  the  subject  of  timber,  the  first  laboratory 
period  is  devoted  to  the  examination  of  the  minute 
structure  of  wood  as  revealed  by  the  microscope  in 
transverse,  radial  and  tangential  sections  of  the  com- 
mon hardwoods  and  softwoods ;  this  being  the  basis  for 
explaining  so  many  of  its  strength,  grain  and  shrinkage 


286  COURSE   IN   PROPERTIES   OF    MATERIALS. 

properties.  For  the  strength  tests,  a  clear,  straight- 
grained,  well-seasoned,  white  pine  plank,  16  inches 
broad  and  If  inches  thick,  having  a  little  sap-wood  in 
two  outer  comers,  was  used  (Fig.  4).  Specimens  from 
this  plank  were  tested  under  three  conditions  of  mois- 
ture, viz.:  **Dry,"  specimens  dried  over  a  boiler  one 
week;  '* Normal,"  specimens  tested  as  cut  from  the 
plank;  and  '^Wet,"  specimens  kept  under  water  one 
week.  There  being  six  laboratory  divisions,  the  plank 
was  cut  so  as  to  give  six  endwise  compression  spec- 
imens in  its  width  (Fig.  4).  Thus,  specimens  Nos.  1 
Dry,  No.  7  Normal,  and  No.  13  Wet,  representing  the 
three  moisture  conditions,  and  all  from  similar  posi- 
tions with  respect  to  the  center  of  the  tree,  were  tested 
in  the  first  laboratory  division  (Fig.  5).  The  next  three 
specimens,  in  the  second  division  (Fig.  6),  and  so  on 
(Figs.  7,  8,  9  and  10).  These  three  tests,  with  full 
data  as  to  loads  and  shortenings,  were  easily  finished 
within  the  hour.  The  shortening  was  measured  with 
a  Brown  and  Sliarpe  test  indicator  as  shown  in  Fig. 

11.  This  instrument  reads  directlv  to  thousandths  of 
an  inch,  but  ten-thousandths  may  be  estimated  with 
fair  degree  of  accuracy.  The  method  of  measuring 
between  compression  blocks  proves  sufficiently  accurate 
if  a  small  initial  load  be  applied  before  taking  the  first 
reading. 

In  same  manner,  during  the  laboratory  periods  of 
the  following  two  weeks,  the  remainder  of  the  tests 
(Fig.  4),  consisting  of  across  grain  compression  (Figs. 

12,  13  and  14),  endwise  tension,  across  grain  tension, 
and  along  the  grain  shear,  were  completed;  each  stu- 
dent following  a  strip  of  the  plank  throughout  its  length 
through  all  these  tests. 
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All  the  results  were  now  tabulated  and  reported  to 
the  students  on  mimeographed  sheets  in  the  form  shown 
in  the  table.  These  results  were  then  plotted  by  the 
students  with  respect  to  position  of  the  test  specimens 
in  the  plank,  to  exhibit  more  clearly  the  variations  due 
to  diflference  in  the  structure  of  the  wood  formed  at 
different  periods  of  the  tree's  growth  (Fig.  15).  On 
the  whole  these  results  are  consistent,  though  but  a 


single  specimen  represents  each  actual  condition,  and 
illustrate  quite  forcibly  some  of  the  variables  in  the 
strength  of  timber.  There  is  another  variable,  how- 
ever, which  must  be  recognized  before  results  like  these 
can  be  used  intelligently  in  designing,  and  that  is  the 
"time  effect."  The  strength  of  timber  for  permanent 
loads  is  only  about  fifty  to  sixty  per  cent,  of  these 
values;  or,  in  other  words,  the  ultimate  strength  of 
timber  for  a  permanent  load  is  the  same  as  the  elastic 
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limit  for  a  short-time  load.  This  may  be  illustrated  to 
some  extent  by  a  test  like  that  of  the  three  oak  spec- 
imens showD  in  Fig.  4  with  diagrams  in  Fig.  16.  This, 
of  course,  cannot  be  carried  out  liefore  the  class  on  ac- 
count of  the  long  time  required,  but,  if  explained  in 
object  and  plan,  and  kept  going  during  the  week,  will 
arouse  much  interest  and  discussion.  The  underlying 
motive  in  all  this  testing  in  connection  with  the  class- 


room work  should  be  to  arou.se  the  student,  to  make  him 
see  facts  and  relations  clearly,  to  make  him  think.  To 
this  end  also  some  simple  problems  in  designing  may 
be  introduced  from  time  to  time,  illustrating  the  prac- 
tical use  to  be  made  of  these  test  results.  For  instance, 
following  the  timber  tests,  the  design  of  a  low  railroad 
trestle  proves  both  interesting  and  instructive,  requir- 
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Results  of  Tests  of  White  Pine — Series  B — Propebties  of 

Materiai^,  1004. 
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ing  as  it  does  a  discussion  of  factors  of  safety  and 
allowances  to  be  made  for  knots,  seasoning  checks  and 
decay. 

Now  taking  up  the  different  materials  as  east  iron, 
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wrought  iron,  steel,  in  turn,  it  will  be  found  the  text- 
book can  be  used  much  more  effectively.  Every  stu- 
dent now  has  some  experience  to  be  appealed  to,  and 
he  is  gradually  beginning  to  think  and  express  himself 
in  the  technical  terms  of  strength  and  elasticity.  Tests 
are  now  made  only  to  illustrate  some  new  method  of 
testing  or  some  peculiar  property.  Thus,  a  complete 
tensile  test  is  made  on  a  finished  specimen  of  steel,  using 
an  electric  contact  micrometer  (Fig.  17).     The  broken 


Fig.  18. 


ends  of  the  steel  or  wrought  iron  specimens  tested  early 
in  the  course  (Fig.  1),  are  retested  to  show  the  increase 
in  strength  due  to  rest  after  cold-working.  A  torsion 
test  on  steel  is  made  with  the  Thurston  Autographic 
machine  (Fig.  18a),  another  test  on  a  specimen  from 
the  same  bar  to  show  the  exaltation  of  the  elastic  limit 
(Fig.  18b),  and  a  third  (Fig.  18c),  to  show  that  the 
elastic  field  is  fairly  constant,  and  that  raising  the  elas- 
tic limit  in  one  direction  reduces  it  in  the  other. 
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Discussion. 
OF  Papebs  bt  Pbofessors  Hatt  and  Chbistensen. 

Pbofessob  H.  Wade  Hibbabd  :  There  is  one  criticism 
that  it  seems  to  me  might  be  made,  which  criticism  is 
directed  at  the  methods  which  have  been  necessitated, 
perhaps,  by  the  increase  in  the  numbers  of  student43 
taking  laboratory  courses  of  this  sort. 

I  know  we  shall  all  remember  the  presidential  address 
this  evening,  and  I  hope  that  we  shall  give  particular 
remembrance  to  the  thoughts  that  Dr.  Dudley  brought 
out  with  regard  to  real  education.  It  seems  to  me  that 
in  the  multiplicity  of  experiments,  in  the  desire  on  the 
part  of  the  experimental  laboratories  to  get  a  large 
number  of  experiments,  somewhat  varied,  in  the  blank 
forms  and  careful  directions,  that  the  principle  of  edu- 
cation—real education— may  be  somewhat  obscured. 
This,  according  to  our  President,  is  not  the  pumping 
into  the  student's  mind  of  a  large  amount  of  informa- 
tion, but  the  leading  out  from  that  student's  mind,  cul- 
tivating in  that  student's  mind  the  ability  to  reason 
for  himself,  to  be  ingenious  and  to  plan  for  himself,  and 
scheme  out  his  methods  for  making  experiments  him- 
self. That,  of  course,  means  that  not  so  many  experi- 
ments can  be  performed  by  students,  but  what  they  do 
perform  they  get  in  a  fashion  that  gives  them  educa- 
tion in  experimental  methods,  and  in  the  ways  of  think- 
ing as  testing  engineers. 

Pbofessob  W.  F.  M.  Goss:  The  modem  engineering 
laboratory  contains  apparatus  of  many  different  kinds. 
It  has  its  steam  engines,  internal  combustion  engine, 
hydraulic  apparatus  and  its  machinery  for  testing  ma- 
terials.   As  I  have  followed  the  work  of  students  along 
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these  different  lines  in  a  fairly  busy  laboratory,  I  have 
often  been  impressed  with  the  fact  that  among  them 
all  none  so  well  satisfy  the  requirements  for  the  devel- 
opment of  young  men  as  the  material  testing.  Work 
along  this  line  lends  itself  most  readily  to  the  instruc- 
tion of  students.  In  the  department  of  testing  mate- 
rials we  are  not  liable  to  fall  into  those  errors  to  which 
Professor  Hibbard  has  referred.  I  am  sure  it  is  true 
that  in  all  well-regulated  laboratories  the  students  in 
this  department  gather  inspiration,  their  intellectual 
processes  are  quickened,  they  see  purpose  in  the  meth- 
ods employed,  and  the  working  out  of  natural  conse- 
quences in  the  results  obtained.  The  whole  tendency 
of  the  work  is  to  arouse  interest  or  enthusiasm. 

I  wish  most  heartily  to  commend  the  thorough  man- 
ner in  which  the  courses  described  have  been  system- 
atized. 

Mb.  William  Metcalf:  The  thought  that  entered 
my  mind  just  now  in  connection  with  the  education  of 
the  engineer  is  the  one  prominently  brought  forth  in 
the  president's  address,  and  that  is,  the  importance  of 
teaching  a  student  to  think.  I  think  that  is  all  that 
education  is  worth.  I  want  to  say  a  word  here  now 
that  may  seem  proud,  but  I  want  to  say  a  word  for  my 
alma  mater.  The  one  particular  characteristic  of  that 
school  throughout  the  whole  course  was,  in  my  day, 
and  I  believe  practically  is  now,  that  the  student  was 
taught  only  one  thing  at  a  time.  He  didn't  have  two 
hours  a  week  at  this,  two  hours  a  week  at  that,  and  two 
hours  a  week  at  another  subject,  and  was  not  fed  on 
mental  hash  all  the  way  through  so  that  at  the  end  he 
would  know  everything ;  but  every  day  and  every  week 
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just  one  plain  simple  thing  until  he  got  through  with 
that  subject.  The  result  was  said  to  be  tiresome  by 
critics  of  the  school.  It  was  nothing  of  the  kind. 
There  was  a  little  study  in  the  morning,  a  little  scientific 
recreation  in  the  afternoon— the  afternoon  always 
given  to  some  practical  work,  some  laboratory  work, 
drawing,  etc.,  sufficient  to  teach  the  student  at  least  the 
fundamentals  of  the  tools  he  had  to  work  with.  He 
was  always  at  one  subject  until  he  got  through,  and 
when  he  got  through  with  it  he  generally  knew  it  pretty 
well. 

Pbofessob  Mansfield  Mebbiman  :  In  listening  to  Ihese 
very  interesting  discussions  regarding  the  conduct  of 
laboratory  work,  I  have  been  impressed  with  the  large 
amount  of  labor  spent  by  instructors  to  systematize 
the  work  and  prepare  the  necessary  plans  in  order  that 
the  student  may  derive  benefit  from  them.  It  may, 
indeed,  be  thought  by  some  that  in  many  instances  the 
greater  part  of  the  mental  work  is  done  by  the  instruc- 
tor and  that  there  is  not  much  left  for  the  student. 
There  are  blanks  for  every  stage  of  the  work,  and  it  is 
sometimes  carried  so  far  that  there  is  a  blank  at  one 
machine  on  pink  paper  and  at  another  machine  on 
brown  paper.  On  each  piece  of  paper  there  are  lines 
half -printed  and  the  students  regards  it  as  an  academic 
exercise  to  fill  out  the  dotted  portions.  This  is  prob- 
ably an  extreme  view  to  take  of  the  matter.  If  the 
student  should  come  into  the  laboratory  with  the  old- 
fashioned,  small  engineer's  field  book  with  horizontal 
and  vertical  lines  on  opposite  pages,  and  be  required  to 
take  down  notes  from  the  experiments  and  bring  in  the 
next  day  his  own  report  in  the  way  he  thinks  it  ought 


